The Effects of discharge variation on dissolved element concentrations through Milltown Reservoir Montana by Mickey, Jeremy W.
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1998 
The Effects of discharge variation on dissolved element 
concentrations through Milltown Reservoir Montana 
Jeremy W. Mickey 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Mickey, Jeremy W., "The Effects of discharge variation on dissolved element concentrations through 
Milltown Reservoir Montana" (1998). Graduate Student Theses, Dissertations, & Professional Papers. 
9227. 
https://scholarworks.umt.edu/etd/9227 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
I
Maureen and Mike
MANSFIELD LIBRARY
The University o f IVIONTANA
Permission is granted by the author to reproduce tliis material in its entirety, 
provided that tliis material is used for scholarly purposes and is properly cited in 
published works and reports.
** Please check "Yes" or "No" and provide signature **
Yes, I grant permission 
No, I do not grant permission
Author's Signature ^
Date
/
Any copying for commercial purposes or financial gain may be undertaken only with 
the author's explicit consent.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
THE EFFECTS OF DISCHARGE VARIATION ON DISSOLVED
ELEMENT CONCENTRATIONS THROUGH
MILLTOWN RESERVOIR, MONTANA.
by
Jeremy W. Mickey 
B.S. Rocky Mountain College, 1996 
presented in partial fulfillment of the requirements
for the degree of
Master of Science
The University of Montana
1998
Approved
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Mickey, Jeremy W., M.S., May 1998 Geology
The Effects of Discharge Variation on Dissolved Element Concentrations through 
Milltown Reservoir, Montana (158 pp.)
Director: Johnnie N. Uooxe
Secondary contamination from mining wastes deposited on the floodplain and 
in the river channels of the Clark Fork River basin provides a large nonpoint 
source of metals to Milltown Reservoir, more than 200 km downstream from the 
headwaters of the Clark Fork River. The deposition of these wastes in Milltown 
Reservoir has led to the accumulation of tens of thousands of metric tons of 
sediment with elevated concentrations of arsenic, cadmium, copper, lead, 
manganese and zinc.
Studies have shown that oxidation of metal sulfides releases dissolved metals 
and arsenic to the ground/pore water of the reservoir and the adjacent aquifer 
due to a fluctuating redox boundary within the accumulated sediment. The 
fluctuations in the redox boundary are caused by changing water levels in the 
reservoir. Studies have also shown that certain flow events, such as ice jams 
and spring runoff, remobilize the contaminated sediments in Milltown Reservoir 
and allow the reservoir itself to act as a source of particulate metals 
contamination to the Clark Fork River below the reservoir.
The purpose of this study was to collect water samples above and below 
Milltown Reservoir at different discharge levels before, during, and after the 
substantial spring runoff of 1997, in order to construct a mass balance of 
dissolved metals and arsenic through the reservoir. This mass balance was then 
used to examine the effects of the different discharges on the respective 
concentrations of dissolved metals and arsenic below the reservoir to determine 
if Milltown Reservoir acted as a source or sink for dissolved metals and arsenic.
Results of the study showed that most dissolved elements examined behaved 
conservatively through Milltown Reservoir. Dissolved Mn behaved 
nonconservatively by being both attenuated and released by processes within 
the system. Dissolved Mn contribution to the Clark Fork River from groundwater 
below Milltown Reservoir was offered as an explanation for the release of 
dissolved Mn above expected concentrations calculated by the mass balance.
Results of the study also indicated that the Clark Fork River above Milltown 
Reservoir was the larger of the two surface water sources of most dissolved 
elements to the reservoir. Dissolved element concentrations also exhibited 
hysteretic behavior with respect to discharge relationships at sampling sites 
within the study area. This behavior was explained by a combination of 
processes relating to sources of these elements and the dynamics of these 
sources over the course of spring runoff.
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Introduction and Purpose
Large-scale extraction of metals in the headwaters of the Clark Fork River 
basin has left behind a legacy of metals contamination which presents 
environmental hazards today. Over 130 years have passed since mining and
smelting operations began in the area of Butte, MT USA. The effects of these
2
operations can still be observed today in the 1500 km of the Clark Fork River 
basin that contain contaminated lands (Fig. 1a) (Moore and Luoma, 1990). 
Secondary contamination from waste material deposited on the floodplain and in 
the river channel downstream from the primary sources near Butte and 
Anaconda provides a large nonpoint source of metals to Milltown Reservoir more 
than 200 km downstream from the headwaters of the Clark Fork River (Fig. la ) 
(Moore and Luoma, 1990). Deposition of these wastes in Milltown Reservoir has 
resulted in tertiary arsenic contamination in the local groundwater system 
(Woessner et al., 1984; Moore, 1994).
Milltown Reservoir was constructed in 1907-1908 as the first hydroelectric 
reservoir on the Clark Fork River and served as the primary catch basin for river 
wastes transported downstream from sources in the headwaters. The deposition 
of these wastes in the reservoir has led to the accumulation of tens of thousands 
of metric tons of sediments with concentrations of arsenic, cadmium, copper,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
lead, manganese and zinc above background levels (Moore, 1994). The 
partitioning of arsenic and metals between the sediment and dissolved phases is 
controlled by oxidation-reduction, dissolution-précipitation and adsorption- 
desorption reactions within these contaminant-rich sediments. Oxidation of 
sulfides in the fluctuating redox environment of the reservoir, caused by changes 
in reservoir stage, releases metals and arsenic into the ground water of Milltown 
Reservoir and the adjacent aquifer (Moore et al., 1988, Moore, 1994). Sorption 
reactions that occur on the surface of fine-grained sediments, similar to those 
deposited in Milltown Reservoir, have also been shown to control the partitioning 
of metals and arsenic between the dissolved and suspended sediment fractions 
in waters geochemically similar to those in Milltown Reservoir (Smith et al.,
1992).
Andrews (1987), Axtmann and Luoma (1991), and Helgen and Moore 
(1996) have shown that metal contaminants in fine-grained bed sediments of the 
Clark Fork River decrease exponentially away from the source due to dilution 
with uncontaminated sediments from tributaries. The nearly sediment-filled 
Milltown Reservoir allows these contaminated sediments to flow through the 
reservoir during some spring runoff events and redistributes them downstream 
(Woessner et al., 1984). If Milltown was acting conservatively as a flow-through 
reservoir, these observations should also be seen with respect to the solute load
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
as well. However, it Is possible that the large volume of contaminated sediments 
stored in Milltown Reservoir could have an affect on the solute chemistry of 
water residing in the reservoir due to redox and/or sorption reactions involving 
these sediments. This may lead to the classification of Milltown Reservoir as 
either a source or sink for metals and arsenic in the dissolved phase. Studies 
done by Lynch, (1992) on three reservoirs in southeastern Virginia show that 
anaerobic bottom sediments are a primary source of dissolved Fe and Mn near 
the sediment water interface, but that these constituents are quickly lost from the 
water column during fall overturn. Lynch (1992) also showed through mass 
balance calculations that dissolved loads of Si, Fe, and Mn were reduced 
through one of the reservoirs by 60, 55, and 35 percent, respectively. Similar 
studies on a reservoir receiving coal mine wastes in Utah showed that dissolved 
As, B, Cu, Fe, Hg, Mg, Na, Se, and Zn behaved conservatively within the 
system while dissolved Ca levels were reduced through the reservoir because of 
chemical precipitation of calcium carbonate (Waddell et al., 1985).
The pupose of this study was to examine the effects of discharge 
variations on the concentrations of dissolved elements in the surface water 
inputs and outputs of Milltown Reservoir during a year with abnormally high 
spring runoff (Fig. 1c).
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This study used water samples collected above and below Milltown 
Reservoir to perform a mass balance of the dissolved element loads through the 
reservoir. The results of the mass balance were used to compare the expected 
concentrations of dissolved elements with the measured concentrations of those 
elements. From these comparisons, Milltown Reservoir could be characterized 
as either a source, sink, or conservative with respect to the different dissolved 
elements. These determinations are important for establishing the quality of 
water in the Clark Fork River below Milltown Reservoir and the ecological 
implications of solute contaminants on river and riparian habitat. Furthermore, 
by studying the system over a period of high to low flows, conclusions could be 
drawn with respect to the behavior of the system at different flow rates. This 
could be important for predicting and explaining times when the reservoir acts 
nonconservatively. The effects of this behavior on the downstream loads of 
different dissolved elements may also be important for making predictions of 
when these events wiil occur and could influence the management and future of 
the reservoir.
An additional objective of this study was to determine the respective 
contributions of dissolved elements from the two sources of surface water to 
Milltown Reservoir. This objective was met by collecting and analyzing water 
samples from the Blackfoot and Clark Fork Rivers above Milltown Reservoir
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
throughout spring runoff. Comparisons between the two sources were then 
made by performing statistical tests to determine If significant differences 
between the mean dissolved concentrations of the rivers existed and calculating 
enrichment factors when significant differences were detected. These efforts 
were important in determining which of the two rivers was the major source for 
each of the dissolved elements over the study period and has significance 
toward both the quality of water delivered to Milltown Reservoir and released 
downstream during high flows. Furthermore, determination of the sources 
responsible for the input of dissolved elements to the respective rivers may be 
made. This source determination could be important for preservation of water 
quality and protection of aquatic life above and below Milltown Reservoir.
Another objective of this study was to determine the relationship between 
discharge and the concentrations of dissolved elements within the different 
surface water inflows and outflow of the system. This issue was addressed by 
surface water sampling, above and below Milltown Reservoir, on eight different 
dates which represented the rising, peak, and falling discharges of water in the 
respective rivers. By comparing the measured concentrations of dissolved 
elements with the discharge through linear regression techniques and by 
examining temporal variations at each sampling location, relationships between 
discharge and concentration could be determined. These relationships are
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important for determining when the respective rivers contain the greatest and 
least concentrations of dissolved elements. The relationships also have 
implications as to the source of these dissolved elements and how these sources 
behave during spring runoff. These factors could be important for aquatic life 
which use waters near these sources of dissolved elements for reproduction and 
growth during the spring and for predicting dissolved element concentrations at 
different stages of spring runoff.
Other objectives of this study were related to questions regarding the 
mixing of surface, ground, and hyporheic waters between the reservoir and the 
downstream sampling site for which the mass balance was calculated. The first 
of these questions addressed was whether the waters from the Blackfoot and 
Clark Fork rivers above Milltown Reservoir were completely at the sampling site 
below Milltown Reservoir that was used for the mass balance. The second 
mixing question that was examined was if surface water and ground water 
interaction took place between the reservoir and the downstream site on the 
Clark Fork, and if so, were these waters completely mixed by the time they 
reached this sampling site? The final question that needed to be answered was if 
reactions within the hyporheic zone or groundwater input within this stretch of 
river significantly affected the concentrations measured at the downstream 
sampling site used for the mass balance? All of these questions were answered
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
by sampling a site farther downstream to determine if the dissolved 
concentrations below Milltown Reservoir remained constant (Fig. 1b). If the 
dissolved concentrations remained constant, the results of the mass balance, 
and any conclusions based on the measured dissolved concentrations at the site 
used for the mass balance, were considered valid within the errors of 
measurement and calculation. The results of these questions are important for 
determining that the dissolved concentrations found downstream were 
attributable to the Milltown system and to ensure that other components below 
Milltown Reservoir had the same or no effects on the measured dissolved 
concentrations farther downstream. Dissolved oxygen and pH were also 
monitored at each sampling site to check for inter-site variability which may affect 
the concentrations of dissolved elements within the study area.
Additional significance of the study was that ultraclean techniques have 
not been applied to other river-reservoir systems to determine the reservoir’s 
effects on the downstream concentrations of dissolved constituents. This was 
important for examining the effectiveness of these techniques and their 
applicability to such a system. Implications of these efforts may affect the way 
that dissolved surface water samples are collected, handled, and analyzed in the 
future, from this and other environments, so that better comparisons can be 
made within and between different data sets.
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Methods
Site Location
Samples were collected on eight separate events over the course of the 
spring runoff between March 20,1997 and July 24,1997. Depth integrated 
samples in four profiles at each site were taken on the Blackfoot River above 
Milltown Reservoir and the Clark Fork River above and below Milltown Reservoir 
(Fig. 1b). The three sampling sites that were used for the mass balance 
calculations were chosen near U.S.G.S. gaging stations so that daily discharge 
data could be used for mass balance calculations. The upstream sites were at 
the Swinging Bridge hear Bonner on the Blackfoot River and at Turah Bridge on 
the Clark Fork River (Fig. 1b). Both of these upstream sites were used for the 
mass balance calculations. Two sites below Milltown Reservoir, at the Deer 
Creek Bridge and at the Foot Bridge, were used to monitor dissolved 
concentrations below the reservoir (Fig. 1b). Of the two downstream sites, the 
Deer Creek Bridge was the site nearest to Milltown Reservoir and was also 
equipped with a U.S.G.S. gaging station. Thus, the Deer Creek Bridge site was 
chosen as the downstream site to be used for mass balance calculations and the 
Foot Bridge site was used to monitor concentrations farther downstream to 
determine if complete mixing of the Blackfoot and Clark Fork Rivers had 
occurred before the waters had reached the Deer Creek Bridge. A total of
11
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sixteen samples were collected during each of the eight sampling events (four 
profiles at four sites) and were analyzed for their dissolved constituents at the 
Murdock Biogeochemistry Lab at the University of Montana.
Sample Considerations
Due to low concentrations expected in the dissolved phase, special 
precautions and techniques were employed so that sample contamination did 
not occur. This contamination could result from external sources such as the 
sampling technique and/or sample handling, filtration and preservation. Samples 
only contacted extensively acid-cleaned surfaces consisting of materials that are 
intrinsically low in trace metals, such as Teflon® or polyethylene. Extra care was 
taken to avoid contamination by field personnel, and all other sample handling 
steps took place in a filtered air environment using only ultrapure reagents 
(Benoit, 1994).
Incorrect determination of the truly dissolved constituents could also be 
caused by the inclusion of colloidally associated trace metals through inadequate 
filtration methods (Horowitz et al., 1996). This could lead to elevated levels of 
contaminants being considered as part of the dissolved phase due to the 
association of these elements or compounds with typical colloidal constituents 
such as microorganisms or biological debris, iron and manganese 
oxides/oxyhydroxides, carbonates, clays, and amorphous silica as well as fulvic
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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and/or humic compounds (Buffle and Leppard, 1995). This implied that sample 
filtration had to be performed in such a way so as to minimize the effects from 
colloids on the final samples used for analysis.
Sample Handling
All sample handling was done according to ultraclean techniques 
described by Benoit (1994), Taylor and Shiller (1995), and Windom et al., (1991) 
to minimize sample contamination. All samples were collected in 1 L Nalgene® 
polyethylene bottles. The bottles had been washed thoroughly with soap and 
water, then soaked in a 50% concentrated hydrochloric acid bath for at least 4 
hr. and filled with 1.0% concentrated nitric acid and allowed to soak for at least 
24 hours. Sample bottles were thoroughly rinsed (at least 3 full volumes) with 
Milli-q™ (Millipore inc.®) de-ionized water between each of these steps and 
stored in fyiilli-q™ water until the sampling event. The bottles were transported to 
the field, filled with Milli-q™ water, in double Ziploc® bags inside coolers. At each 
site, the appropriate bottles were emptied and rinsed with river water prior to 
sampling. Throughout this two-person procedure In the field, one person was 
designated the “clean person" and one the “dirty person”. This meant that only 
the “clean person” could handle the inside Ziploc® bags and the sample bottles in 
the field and had to do so carefully with clean latex gloves to avoid sample 
contamination.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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All samples were collected from the bridges in a way that depth integrated 
the samples without using metal sampling gear. This was done through the use 
of a nylon rope that had been attached to a large rock from the riverbed of the 
Blackfoot River. The sample bottles were then taped securely to this rope using 
duct tape and lowered manually from the bridges into the rivers below. Extra 
precautions were taken to avoid all contact with the sample bottles and to ensure 
that the bottles were only handled by the designated “clean” person. This 
included not allowing the bottles to contact any part of the bridge structure as 
well as eliminating contact between the rope above the bottle and the lip of the 
sample bottle. The water samples were then placed immediately back into their 
double bags to avoid cross-contamination and stored on ice until they reached 
the laboratory. The samples were transported back to the laboratory in coolers 
and stayed in the coolers until they were filtered. An equipment blank was 
carried through this same procedure to check for any contamination resulting 
from the sample bottles and their handling.
Dissolved oxygen concentrations and pH were obtained at each sampling 
site from the five sampling dates from May 12,1997 to July 24,1997. These 
measurements were taken by wading into the river downstream from each 
sampling site prior to the bridge sampling so that the river conditions (e.g. 
sediments, debris) would not be disturbed by the sampling personnel at the 
sampling sites. Dissolved oxygen measurements were taken using an ORION®
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Model 820 oxygen meter. An ORION® Model 230A pH meter was used to obtain 
pH measurements at each site. Both meters were used according to 
manufacturer’s specifications.
Sample Filtration and Preservation
Immediately upon returning to the lab (approximately 4 hr. after sampling 
began), the samples were filtered and preserved for later analysis. Each bottle 
was removed from its double bags only when it was ready to be filtered using 
clean latex gloves under a class-100 laminar flow hood. The samples were 
filtered through a Gelman® Acrodisc™ 0.2 pm syringe filter with a glass prefilter. 
To ensure that the truly dissolved components of the system were obtained, the 
effective pore size of the filter was reduced by exhaustive filtration (Taylor and 
Shiller, 1995). This involved the passage of 50 mL of sample through the filter 
before an analytical aliquot was obtained. This 50 mL was used to rinse the 125 
mL Nalgene® bottle that would contain the aliquot (cleaned in the same manner 
as the 1 L sample bottles) and served as a sample rinse for the syringe. To 
avoid excessive sample handling, the river water was poured directly into 60 mL 
acid cleaned syringes that had been stored filled with Milli-q™ water. Due to the 
relatively large volume of water to be filtered and a significant sediment load 
during spring runoff, samples were pushed through the filters using a caulking 
gun that would contain the syringe. This type of filtering was performed in such a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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way that the sample never contacted the caulking gun and the caulking gun was 
never directly over the 125 mL bottle that would contain the aliquot. 
Approximately 100 mL of filtered sample was then collected and preserved to pH 
< 2 with Optima® double-quartz distilled, ultrapure hydrochloric acid. The 
samples were then stored in a refrigerator until concentrations were determined 
for trace elements and major ions.
Sample Analysis
Dissolved arsenic in samples was determined by a continuos-flow 
hydride-generation atomic-absorption spectrometry procedure modified from 
Voth-Beach and Shrader (1986). An aliquot of 22.92 mL of the filtered and 
preserved samples were decanted into 60 mL, acid-cleaned, polyethylene 
bottles. Added to the sample was 2.08 mL of Optima® concentrated hydrochloric 
acid (NCI), for a final volume of 25 mL and a final concentration of approximately 
1 M MCI. SIGMA® P-8256 Potassium iodide (Kl) was then added to the sample 
aliquot (0.5 g) in order to reduce As (V) to As (III). Samples were then well 
mixed and allowed to sit at room temperature for 2 hr. prior to analysis. HGAAS 
calibration was achieved through the use 0.5, 2.0, 4.0, and 6.0 pg/L As 
standards and a blank, all made up in the same matrix as the samples (2.0% Kl, 
1MHCI).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The HGAAS was stabilized for 2 hours prior to analysis and conditioned 
using the blank and the 6.0 pg/L As standard for 10 min. before As 
measurement. The HGAAS tubing and the absorption cell was rinsed for 1 
minute between each sample analysis by pumping Milli-Q™ deionized water 
through the system to avoid cross-contamination. Hydride generator conditions 
were set using 6 M HCI and 0.35% sodium borohydride (NaBH^) (Fisher® S678-
25) stabilized with 0.5% sodium hydroxide (NaOH) (EM SCIENCE® SX0590-1).
Dissolved Ag, Al, Ba, Be, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Mo, Na, Ni, Pb,
S, Si, Sr, and Zn concentrations were determined using ERA Method 200.15, 
modified for the TJA-IRIS® ICAPES used. Filtered and preserved samples from 
3/20/97,4/06/97, 4/23/97, and 5/12/97 were decanted into 8 mL, acid washed, 
polypropylene vials for ICAPES analysis using an autosampler. Optima® 
concentrated HNO^ (2.0%), Optima® concentrated HCI (1.0%), and Optima® 30%
H^O  ̂(0.4%) were added to these samples to facilitate better recovery of the
elements. After the samples collected on these four dates were analyzed, it was 
discovered that the addition of HNO^ and HCI did not produce significantly
different results from samples run without these reagents present (HCI was still 
present from the preservation) when the autosampler was not used. Samples 
from 5/20/97, 6/04/97, 6/25/97, and 7/24/97 were then analyzed by hand, without 
the addition of more HCI and any HNO .̂ The addition of 0.4% of 30% H^O  ̂was
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continued based on the better recovery of external standards (U.S.G.S. T107, 
U.S.G.S. T145, and U.S.G.S. T143) when was used. Samples that were
run without 0.4% of 30% H O also had lower recovery of some elements when
2 2
compared to the same sample run with H^O .̂ Samples from 5/20/97, 6/04/97,
6/25/97, and 7/24/97 were prepared by decanting 9.96 mL of the filtered and 
presen/ed samples from the 125 mL storage bottles into 60 mL, acid cleaned, 
polyethylene bottles and adding .04 mL of 30% H^O .̂ All sample handling for
ICAPES analysis took place under a class 100 laminar flow hood to avoid 
sample contamination.
ICAPES calibration was achieved through the use of standard, multi­
element solutions that were made up in the same acid matrix as the samples. 
Each set of standards used was made up under a class 100 laminar flow hood 
using ultrapure reagents and great care to avoid contamination. The ultrasonic 
nebulizer and all tubing was rinsed between each sample by pumping a rinse 
solution of 2.0% concentrated HNO ,̂ 1.0% concentrated HCI, and 0.4% of 30%
through the system to prevent cross-contamination. When the
autosampler was used this rinse time was set at 1 min. and when the samples 
were run by hand the rinse time was between 1 and 2 min. All samples were 
analyzed within 4 months of being collected to avoid constituent loss, in 
accordance with EPA holding time guidelines (6 months).
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Quality Control
Quality control measures were taken to validate the precision and 
accuracy of each method of analysis and to ensure that reliable data had been 
collected for the mass balance calculations. The quality control measures used 
to check the accuracy of the analysis methods were the measurement of 
external standard solutions, sample spikes, and blanks. The external standards 
solutions used were U.S.G.S. T107 and U.S.G.S. T119 for HGAAS analysis and 
U.S.G.S. T107 for ICAPES analysis. These external standard solutions were 
prepared and treated in exactly the same manner as the samples for each 
respective analysis method. The external standard solutions were analyzed 
before any samples were analyzed to check the accuracy of the calibration and 
to spot any instrument malfunctions. Throughout each analysis, the external 
standard solutions were also measured to detect any instrument drift which may 
have occurred while samples were being analyzed. If significant instrument drift 
was detected, then the instrument (HGAAS or ICAPES) was recalibrated and 
sample analysis was not continued until the external standards passed certain 
specifications for each element of interest. Once the instrument was 
recalibrated, samples were then reanalyzed until no significant differences could 
be detected between the same samples run before and after recalibration. The 
frequency with which the external standards were analyzed was after
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approximately every 8 samples on the HGAAS and every 4 samples on the 
ICAPES. Using ICAPES to analyze U.S.G.S. T107, mean percent recovery for 
all elements, over all analysis, was 93% (range 103% - 85%) (Appendix. I).
Using HGAAS to analyze U.S.G.S. T119 and U.S.G.S. T107, mean percent 
recovery for arsenic, over all analysis, was 94% (range 91% -100%) and 99% 
(range 85% -110%), respectively (Appendix II).
Sample spikes were also used as a quality control measure to evaluate 
the accuracy of each analysis method. These spikes were performed on both 
samples collected in the field and on an external standard solution (U.S.G.S. 
T119). Spikes were performed by adding a known amount of the element(s) of 
interest to the samples and the external sample. The samples were then 
analyzed, with and without the spike added, and the percent recovery of the 
element(s) was computed. Spikes were performed on 10% of the total number 
of samples to be analyzed during each analysis. Using ICAPES to analyze 
sample spikes (varying concentrations), mean percent recovery, over all 
analysis, was 97% (range 106% - 84%) (Appendix III). Using HGAAS to analyze
2.0 pg/L spikes on U.S.G.S. T119 and samples, mean percent recovery was 
86% (n=2) and 95% (range 112% - 78%), respectively (Appendix IV).
Sample duplicates are another quality control measure that were used to 
evaluate the precision of the different analysis methods. Sample duplicates were 
prepared by taking sub-samples from the 1 L samples that were collected at a
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sampling site. These sub-samples were then handled and prepared in the same 
manner and then analyzed to compute the percent difference between the two. 
Sample duplicates were performed on 10% of the total number of samples to be 
analyzed during each analysis. Using ICAPES to analyze sample duplicates, the 
mean percent difference between samples was 6.0% (range 26% -1.0%) 
(Appendix V). It should be mentioned that the high percent difference (26%) was 
for Zn, which was excluded from the study based upon significant intra-site 
variability determined from all quality control measures and mean concentrations 
at each site. Using HGAAS to analyze sample duplicates, the mean percent 
difference between samples was 2.3% (range 11% - 0.8%) (Appendix VI).
Blanks were the final type of quality control measure that were used to 
evaluate the effectiveness of the ultraclean sample collection, handling, and 
preparation methods. These blanks served as an equipment blank, a trip blank, 
and a lab blank because they were carried through all of the procedures leading 
up to the analysis of samples. The procedure for blanks began with the filling of 
a l l  sampling bottle with Milli-Q™ deionized water after the bottle had been 
carried through the acid washing and rinsing procedure. This bottle was then 
sealed in the double Ziploc® bags and transported to and from the field on ice 
with the other samples. Blanks were opened in the field for approximately 1 min. 
Upon returning to the laboratory, the blank was then filtered and preserved in the 
exact same manner as the samples collected during that sampling event and
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stored along with the rest of the samples in the refrigerator. The blank was then 
prepared for analysis at the same time and in the same manner as the samples 
that were being analyzed that day. A total of eight blanks were analyzed (one for 
each sampling event) on both the ICAPES and HGAAS.
Blank analysis by HGAAS showed that no arsenic contamination was 
present in any of the blanks because all of the blanks gave readings below the 
practical quantification limit of 0.40 pg/L (3 times standard deviation of a blank 
analyzed 10 times) (Appendix VII). ICAPES analysis of the blanks revealed that 
Ca and Mg were above the practical quantification limits in all of the blanks and 
that Na and/or S were above the practical quantification limits in blanks from 
March 20,1997, May 12.1997, May 20, 1997, June 4, 1997, June 25,1997, and 
June 24,1997. The presence of these major elements above the practical 
quantification limits is not of great concern because in all cases the 
concentrations of these elements in the samples collected on the same day as 
the blanks were significantly greater (1 to 3 orders of magnitude) than the 
concentrations of these elements in the blanks (Appendix VIII).
With respect to trace elements, Cu was present above the practical 
quantification limit (0.3 pg/L ) in the blank collected on March 20,1997. Cu 
concentrations in the March 20,1997 blank were also higher than the 
concentrations of Cu from the Blackfoot River samples collected on this date and 
indicate that some Cu contamination occurred in the blank on March 20, 1997
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(Appendix VIII). However, because Cu concentrations in the other samples 
collected on March 20, 1997 were significantly greater than the Cu 
concentrations in the blank and the Blackfoot River samples, these data were 
still used for the mass balance calculations because the error associated with the 
calculated concentration values is greater than the Cu concentration in the blank. 
Zn concentrations in the blanks from March 20,1997 and April 23, 1997 were 
also above the practical quantification limit (0.2 pg/L ) (Appendix VIII). This Zn 
contamination is also of no significant concern for mass balance calculations 
because the great variability in Zn concentrations made mass balance 
calculations impractical. Practical quantification limits were established for 
ICAPES analysis by examining the subarray profiles of the respective elements 
in blanks, low concentration standards, and low concentration samples to 
establish conservative levels at which the ICAPES could repeatedly quantify the 
elements.
Mass Balance Calculations
Mass balance calculations were made by calculating the percent 
contribution of flow from both the Blackfoot River ( % Q^^) and the Clark Fork
River ( % Q ) above Milltown Reservoir to the total flow at the Deer Creek
'  TB
Bridge site below the reservoir. The percent contribution from each river was
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then multiplied by the measured (average calculated from the four replicates) 
dissolved concentration for each element of interest from each of the respective 
rivers. Doing this gave the calculated dissolved concentration that each river 
should contribute to the total dissolved concentration below Milltown Reservoir 
(Cal. Cont. = Meas. Cone, x % Q). By adding the calculated dissolved 
concentrations from both the Blackfoot River (Cal. Cont. ) and the Clark Fork
BF
River above Milltown Reservoir (Cal. Cont.^^) for each element, the calculated
dissolved concentration of each element below Milltown Reservoir (Cal.
Cont pçg) was found according to the equation:
(eq. 1) Cal. Cont.^^^ = Cal. Cont.^^ + Cal. Cont.^^
- Cal. Cont._. = Meas. Cone, x % Q
TB TB TB
- Cal. Cont. = Meas. Cone, x % Q
BF BF BF
These calculated values were then compared to the measured concentrations of 
the elements of interest at the Deer Creek Bridge site to characterize the 
behavior of each element in the system.
Discussion of Methods
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Overall, analysis of blanks collected during each sampling event 
Illustrated that the ultraclean techniques were effective In eliminating most 
sample contamination, especially contamination concerned with trace elements. 
The detected concentrations of most elements were below the low practical 
quantification limits for both the HGAAS and the ICAPES analysis. The exact 
source of some major element concentrations above their respective POL's (Ca, 
Mg, Na, and S) In blanks Is not certain. Contamination from sampling equipment 
(bottles, syringes, and filters) and reagents is a probable source. However, since 
part per million level concentrations of these elements are found In the samples, 
residual concentrations of these elements may have also been present in the 
ICAPES analysis apparatus (ultrasonic nebulizer, tubing, etc. .) and contributed 
to the concentrations detected In the blanks through such processes as leaching 
and/or desorption. Precipitates of these major elements may have also been 
formed in the analysis system and then subsequently dissolved when the blank 
was analyzed. These problems dealing with the ICAPES analysis are both 
possible because of the acid and hydrogen peroxide concentrations In the 
blanks. A combination of both equipment contamination and carryover from 
samples and standards Is the most likely reason for the small amount of blank 
contamination concerning these elements. A longer rinse time for the ICAPES 
and stronger acid in the rinse solution, along with the use of syringes without
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rubber tipped plungers for filtering and longer acid baths, may provide remedies 
for these problems in the future.
Quality control measures (blanks, spikes, and duplicates) further showed 
that ultraclean techniques proved to be very effective in eliminating trace element 
contamination in samples. The level of accuracy and precision achieved could 
not be attained at the low dissolved concentration levels of these elements found 
in the system if substantial sample contamination had occurred. The levels of 
Cu and Zn above their PQL’s in the blank from March 20, 1997 is probably due 
to sample contamination relating to inexperience with the ultraclean techniques. 
As the samples from March 20,1997 were the first to be collected, the laboratory 
had not been fully prepared to accommodate the ultraclean procedures. This 
may have led to such sources of contamination as relatively high concentrations 
of these elements being present in the acid bath used to clean the sample 
bottles and syringes and resulting carryover to the blank. Blank contamination 
on March 20,1997 (Cu and Zn) and April 23, 1997 (Zn) may also have occurred 
from paint particles or metals from the caulking gun used to filter the samples, 
even though great care was taken to avoid any contact between the caulking 
gun and the area above the sample bottle used to collect the filtrate. 
Consequently, this method of filtering is not recommended for further types of 
low level applications.
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Problems associated with using the caulking gun to fitter the samples are 
the most likely explanation for highly variable concentrations of Al, Fe, and Zn. 
Since these metals are colloidally associated in natural waters similar to those in 
this system (Buffle and Leppard, 1995), it is believed that the excess pressures 
created by the caulking gun on the face of the filters caused some of these 
colloids to break down and contribute these elements in varying amounts to the 
filtered sample. Furthermore, high pressures relating to the use of the caulking 
gun may have forced colloids and/or macromolecules containing these elements 
through and/or around the filter membrane in an unpredictable manner and thus 
affecting the concentrations found in the samples after acidification and analysis. 
Horowitz et al., 1996 also concluded that the inclusion/exclusion of colloidally 
associated trace elements was the most significant factor affecting the 
concentration of dissolved trace elements in natural waters with respect to the 
filtration step of sample handling. Once again, the use of a caulking gun or 
similar apparatus to push samples through a filter appears to be a poor method 
choice because of possible sample artifacts associated with such a procedure.
The volume of sample filtered can also significantly influence the 
concentrations of Al, Fe, and Zn from natural waters (Horowitz et al., 1996). 
Although this factor appears to be most prevalent with other types of filters (0.45 
micrometer polyethersulfone capsule filters and 0.45 pm cellulose nitrate plate 
filter) than the ones used in this study (0.20 pm plate filter with a glass prefilter),
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the possibility exists that the 50 mL used to reduce the effective pore size of the 
filters may have been the incorrect volume for the determination of these three 
elements. If the rinse volume was not enough to uniformly clog the filter, 
discrepancies between filters and differing amounts of particulates in the 
samples could lead to variable dissolved concentrations in the samples because 
of different amounts of these elements being present in the filtrate. If the rinse 
volume was too great, excessive build up of colloids and particles with 
associated Al, Fe, and Zn could result in unpredictable rates of 
sorption/desorption on the particles collected by the filter and the filter itself due 
to the high pressures needed to push the sample through the filter (Horowitz et 
al., 1996).
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Results and Discussion
Although the analyses for this project measured the dissolved 
concentrations for twenty-five separate elements, quantitative results could only 
be made for twelve elements because many of the other elements either were 
below the practical quantification limit (POL) or had too much variability within 
the replicate s measured concentrations to draw conclusive results. The twelve 
elements used for the study are As, Ba, Ca, Cu, K, Li, Mg, Mn, Na, S, Si, and Sr. 
Of the twenty-five elements measured, ten had dissolved concentrations below 
the practical quantification limit (Appendix XI) (Ag, Be, Cd, Co, Cr, Mo, Ni, Pb, Ti, 
and V) and three had intra-site variability of the dissolved concentrations so 
significant that the data could not be used to evaluate the dynamics of the 
system with respect to these elements (Al, Fe, and Zn) (Appendices VIII and XI).
Of the elements that were not used in the study because they had 
dissolved concentrations below the practical quantification limit, Be (PQL= 0.05 
pg/L ), Cd (PQL= 0.5 ng/L ), Co (PQL= 0.5 ng/L ), Ni (PQL= 2.0 pg/L ), Pb 
(PQL= 6.0 |ig/L ), and V (PQL= 2.0 pg/L ) had mean dissolved concentrations for 
each site that were below their respective POL's on every sample date 
(Appendices VIII and XI). Ag (PQL= 0.8 pg/L ), Cr (PQL= 1.0 pg/L ), Mo (PQL=
1.0 pg/L ), and Ti (PQL= 2.0 pg/L ) had dissolved concentrations that were 
above their respective PQL’s on some sampling dates. Of these four elements, 
Cr and Mo were above their PQL’s on three different dates, while Ag and Ti were 
only above their PQL’s on one sampling date (Appendices VIII and XI). The 
reason that no further conclusions can be drawn about the behavior of these four
29
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elements {Ag, Cr, Mo, and Ti), on these dates which their dissolved 
concentrations are above their respective PQL’s, is because the concentrations 
were never above the PQL’s for all three sites used to compute the mass 
balance on any given date. For example, on April 6,1997, mean dissolved Cr 
concentrations were above the PQL of 1.0 pg/L at the Turah Bridge (1.10 +/- 
0.08 pg/L ), Deer Creek Bridge (1.15 +/- 0.05 pg/L) and Foot Bridge (1.39 +/- 
0.11 pg/L), but the mass balance was not calculated because the dissolved Cr 
concentration from the Blackfoot River was below the PQL and could not be 
used without assigning a value of zero concentration to the Blackfoot sample 
(Appendices VIII and XI). Because the sites with mean dissolved concentrations 
below their respective PQL’s did have signals indicating a concentration of these 
elements, mass balance calculations were not performed by assigning zero 
concentrations to these sites in order to prevent drawing incorrect conclusions 
about these element's behavior (Appendix VIII).
As previously mentioned, Al, Fe, and Zn could not be used to characterize 
the system with respect to their behavior because of great intra-site variability 
within their dissolved concentrations. These results were determined by 
examining the 95 % confidence intervals (C.l.) around the metals’ mean 
dissolved concentrations, the percent recovery of spikes performed on these 
metals, and the percent difference of duplicate samples of these three metals.
On this basis, they were all excluded from the study because of the high 
variability. For example, the 95 % C.l. ranged from 145.0 % (41.83 +/- 60.56 
pg/L) to 1.0 % (6.84 +/- 0.7 pg/L) of the mean dissolved Al concentrations for 
samples collected on March 23,1997 at the Foot Bridge and May 20, 1997 at
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the Deer Creek Bridge, respectively (Appendix VII). The same type of results 
were also seen with respect to mean dissolved Fe concentrations over the 
course of the study. The 95 % C.l. around mean dissolved Fe concentrations 
ranged from 83.2 % (44.92 +/- 37.35 pg/L) to 0.5 % (17.21 +/- .09 pg/L) of the 
mean for samples collected on April 23,1997 and April 6,1997 at the Foot 
Bridge, respectively (Appendix VIII). Mean dissolved Zn concentrations showed 
the greatest intra-site variability of the three metals. For example, samples 
collected on the Blackfoot River on July 24, 1997 showed that the 95 % C.l. was
439.0 % (0.36 +/-1.58 pg/L) of the mean dissolved Zn concentration (Appendix
VIII). Although these concentrations are close to the PQL for Zn (0.2 pg/L), 
samples collected on that same day from the Deer Creek Bridge and the Foot 
Bridge also had great variability, 353.0 % (3.45 +/-12.19 pg/L) for the Deer 
Creek Bridge and 366.0 % (1.59 +/- 5.82 pg/L) for the Foot Bridge) (Appendix
VIII). Poor performance on quality control measures also lead to the exclusion of 
Al, Fe, and Zn from the study. Sample spikes were not run using Al. and Fe 
spikes on samples had a range of percent recoveries from -44.1 % to 132.0 % 
(Appendix III). Sample duplicates were measured on all three metals and helped 
form the decision to exclude Al and Zn from the study. Al and Zn had average 
percent differences on sample duplicates of 12.54 % (range 57.14 % - 0.23 %) 
and 26.39 % (range 211.96 % - 0.20 %), respectively (Appendix V). Although Fe 
performed better than Al and Zn with respect to sample duplicates, Fe also 
showed a significant range in percent differences (25.61 % - 0.14 %) while the 
average percent difference was 5.18 % (Appendix V). This intra-site variability 
present in Al, Fe, and Zn and their poor performance on quality control measures
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made the error associated with their replicate dissolved concentrations too great 
to draw any quantitative conclusions about the behavior of these metals within 
the system.
A standard error associated with the mean intra-site variability and the 
mean percent difference on sample duplicates was assigned to all measured 
dissolved concentrations for the elements of interest (As, Ba, Ca, Cu, K, Li, Mg, 
Mn, Na, S, Si, Sr). The intra-site variability was determined by examining the 
mean percent relative standard deviation (% RSD) of each element. These 
mean % RSD’s were seen to range from 0.69 % for Mg to 4.69 % for Cu 
(Appendix VIII). The mean percent difference for all sample duplicates was 
2.81% (Appendix V). A standard error of +/- 5.0 % was then applied to all 
measured dissolved concentrations to ensure that both intra-site variability and 
variability within the analytical techniques were encompassed.
Comparison of Dissolved Concentrations above Milltown Reservoir
With respect to mean dissolved concentrations for both the Blackfoot 
River at the Swinging Bridge and the Clark Fork River at Turah Bridge over the 
course of the four month study, the analysis showed that the Clark Fork River at 
Turah Bridge contained higher mean dissolved concentrations for almost all of 
the trace and major elements (Fig. 2a-l, Table 1, and Appendix IX). The 
exceptions to this result were Ba, Ca, and Mg, with Ba showing a greater mean 
dissolved concentration at the Swinging Bridge of 129 +/- 26 pg/L compared to a 
mean dissolved concentration at Turah Bridge of 54 +/-12 pg/L (+/- values 
reported as 1 S.D.) (Fig. 2b, Table 1, and Appendix IX). Student t-tests
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performed at the 95 % C.l. confirmed that this was statistically significant. There 
was no statistically significant difference between mean dissolved Ca 
concentrations at the Swinging Bridge (22.52 +/- 3.69 mg/L) and at Turah Bridge 
(27.45 +/-8.26 mg/L) (Fig. 2c, Table 1, and Appendix IX). Mean dissolved Mg 
concentrations are also essentially equal at 8.0 +/-1.7 mg/L and 7.3 +/- 2.2 
mg/L for the Swinging Bridge and Turah Bridge, respectively (Fig. 2g, Table 1, 
and Appendix IX).
Table 1. Comparison of Dissolved Concentrations above Milltown Reservoir 
Dissolved Element TB > BF TB = BF BF > TB Enrichment Factor
7 T
2.4 
NA
11.5
2.4
Ba
Ca
Cu
NA
4.2
2.2 
5.2
Mn
Na
BF = Blackfoot River at Swinging Bridge 
TB = Clark Fork River at Turah Bridge
Student t-tests were also performed at the 95 % C.l. for K, Li, and Na 
because the mean dissolved concentrations for these elements appeared to be 
similar between the Swinging Bridge and Turah Bridge (Fig. 2e, f, and i,
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
34
Appendix IX). The results of the t-tests showed that there was a significant 
difference for these elements at the 95 % C.l. between the Swinging Bridge and 
Turah Bridge.
Mean dissolved Cu concentrations showed the greatest contrast of all the 
elements analyzed between mean dissolved concentration levels at the Swinging 
Bridge and Turah Bridge. This contrast is observed by computing and examining 
the enrichment factors of mean dissolved concentrations between the two 
sampling locations over the course of the study. For example, mean dissolved 
Cu concentrations in the Clark Fork River at Turah Bridge (7.73 pg/L) are 11.5 
times higher than the mean dissolved Cu concentration in the Blackfoot River at 
the Swinging Bridge (0.67 pg/L) over the course of the study (Fig. 2d, Table 1, 
and Appendix IX). Mean dissolved As and S concentrations are also significantly 
enriched at Turah Bridge when compared to their respective concentrations at 
the Swinging Bridge by a factor of 7.3 and 5.2, respectively. (Figs. 2a and j, 
Table 1, and Appendix IX). Mean dissolved Mn concentrations also showed a 
significant concentration contrast between the two sampling sites, with nearly 4.2 
times more dissolved Mn present at the Turah Bridge site than at the Swinging 
Bridge site, on average throughout the study period (Fig. 2h, Table 1, and 
Appendix IX). The other elements which show greater mean dissolved 
concentrations at Turah Bridge than at the Swinging Bridge (K, Li, Mg, Na, Si, 
and Sr) all have lower enrichment factors between 2.4 (K) and 1.5 (Si) (Figs. 
2e,f,g,i,k, and I, Table 1, and Appendix IX).
Since As, Cu, K, Li, Mn, Na, S, Si, and Sr all have greater mean dissolved 
concentrations at the Turah Bridge sampling site on the Clark Fork River above
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Milltown Reservoir than at the Swinging Bridge site on the Blackfoot River, it can 
be concluded that the Clark Fork River must have an upstream source(s) that 
releases these elements to the dissolved phase in the Clark Fork River at 
elevated rates when compared to the sources for these elements in the 
Blackfoot River (Fig. 2 a,d,e,f,h,i,j,k, and I, Table 1, and Appendix IX). These 
elements are associated with the types of wastes that are produced by the 
extraction of sulfide ores (Alpers et al., 1994, Boulet and Larocque, 1998, Elder, 
1988, and Filipek et al., 1987). Therefore, it is concluded that the source of 
these dissolved elements is related to the deposition of mining wastes in the 
headwaters region and along the floodplain of the upper Clark Fork River and 
the remobilization of these elements to the dissolved load of the Clark Fork 
River. This conclusion is further validated by the results of other studies which 
have also shown elevated levels of these constituents in the Clark Fork River 
and shallow aquifers along the Upper Clark Fork River as a result of headwater 
and floodplain deposition of mining wastes (Benner et al., 1995, Lambing 1987- 
1990, Nimick, 1993). It can also be concluded that the Blackfoot River has a 
source(s) that contribute dissolved Ba in concentrations that are greater than the 
dissolved Ba concentrations found in the Clark Fork River above Milltown 
Reservoir (Fig. 2b, Table 1, and Appendix IX).
The remobilization of these elements to the dissolved load of the Clark 
Fork River may be the result of several factors including: the oxidation of 
secondary tailing deposits in the Upper Clark Fork, the dissolution of soluble 
secondary minerals formed during the winter when water levels are low, sorption 
reactions on the surfaces of sediments and colloids in the water column and
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secondary deposits along the floodplain, and the flushing of dissolved 
constituents from the hyporheic zone of the Upper Clark Fork River system.
The remobilization of these elements due to the biological and chemical 
oxidation of sulfide minerals in secondary tailings deposits is supported by the 
conclusions of other studies which show that elevated concentrations of 
dissolved metals and arsenic can be the result of this process (Alpers and 
Nordstrom , 1990, Boulet and Larocque, 1998, Filipek et al., 1987, Nordstrom, 
1982, and Moore, 1994). The dissolution of soluble secondary minerals from 
mining waste deposits have also been shown to remobilize elements to the 
solute phase and could also influence the dissolved element concentrations in 
the Clark Fork River (Alpers et al., 1994, Eriksson and DestounI, 1997, and 
Nimick and Moore, 1991). Sorption reactions on the surfaces of sediments (bed 
and suspended) and colloids in the water column and secondary deposits along 
the floodplain may also affect the concentrations of dissolved elements in the 
Clark Fork. Studies examining these types of reactions in waters similar to the 
Clark Fork and its headwaters reveal that these reactions can play an integral 
role in the partitioning of elements between dissolved and solid phases (Bencala 
et al., 1984, Smith et al., 1992, Johnson, 1986, and Lietz and Galling, 1989). 
This partitioning may be important for the transport of dissolved species within 
the water column and bed sediments of the Clark Fork River and could be partly 
responsible for the remobilization of dissolved elements to these waters. 
Flushing of dissolved elements from the hyporheic zone of rivers and streams 
during flow events has also been shown to remobilize dissolved constituents to 
the water column (Geesey et al., 1984, and Sanden et al., 1997) and may also
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play an important role in the observed concentrations on the Clark Fork River 
during the study. Overall, a complex mosaic of these biogeochemical factors is 
the most likely explanation for the observations on the Clark Fork River during 
the study period. Specific identification and quantification of these different 
factors is beyond the scope of this project and the following discussion will refer 
to a number (or all) of these factors when addressing issues related to the 
observed system dynamics.
Comparison of Dissolved Concentrations below Milltown Reservoir
The mean dissolved concentrations at the Foot Bridge and Deer Creek 
Bridge are essentially equal for every element examined (Figs 2a-l, Appendix
IX). The average percent difference between the mean dissolved concentrations 
at the Deer Creek Bridge and the Foot Bridge was only 1.1 % (range 2.2 % - 
0.1%). In every case the standard deviations around the means of samples from 
both the Deer Creek Bridge and the Foot Bridge overlapped enough to consider 
the mean dissolved concentrations essentially equal for the two sites (Appendix
IX).
Since the mean dissolved concentrations for each element are essentially 
equal for the Deer Creek Bridge and the Foot Bridge sites on the Clark Fork 
River (Figs. 2a-l and Appendix IX), then the waters from both the Blackfoot and 
the Clark Fork Rivers above Milltown Reservoir must be completely mixed by the 
time they reach the Deer Creek Bridge site. Furthermore, because there is no 
significant change between dissolved concentrations found at the Foot Bridge 
and Deer Creek Bridge, it can be concluded that any significant interaction
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between the Clark Fork River and groundwaters over the stretch of river below 
Milltown Reservoir must be minimal or occur between the Deer Creek Bridge and 
the reservoir. And, these waters must also be fully mixed by the time they reach 
Deer Creek Bridge. This equality between the two sampling sites below Milltown 
Reservoir also supports the conclusion that reactions occurring within the 
hyporheic zone of the Clark Fork River do not significantly change the dissolved 
concentrations of the studied elements over this portion of the river. These 
conclusions are further supported by the constancy of the physical parameters 
pH and dissolved oxygen over the entire study area (to be discussed in a 
following section ) (Figs. 17a,b, 18a,b, and Appendix X).
Dissolved Concentration-Discharge Relationships
General Relationships;
Samples were collected over a range of flow rates from 3,600 cfs (1.019 x 
10  ̂LS ) on April 6,1997 to 20,500 cfs (5.805 x 10  ̂LS ) on May 20,1997 at the 
Deer Creek Bridge site (Fig. 3a, Appendix X). Discharge of the Blackfoot River 
at the Swinging Bridge site and the Clark Fork River at the Turah Bridge site 
ranged from 1,260 cfs (3.568 x 10  ̂LS ) on March 20,1997 to 12,500 cfs (3.540
X 10  ̂LS on May 20, 1997 and from 1,770 cfs (5.012 x 10  ̂LS ) on April 6,
6 -1
1997 to 8,340 (2.362 x 10 LS ) on June 4, 1997, respectively (Fig. 3a and 
Appendix X). All of the discharge measurements are subject to a +/-10 % error 
due to the error associated with the gaging stations near each site (Melvin K. 
White, U.S.G.S., Helena, MT. pers. comm.) It should be further noted that the 
first runoff event in the region took place around the sampling date of March 20,
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Figures 2a - d; Dissolved As (a), Ba (b), Ca (c), and Cu (d) Distributions for Each 
Sampling Location (BF = Blackfoot River at Swinging Bridge,
DCB = Clark Fork River at Deer Creek Bridge, FB = Clark Fork 
River at Foot Bridge, and TB = Clark Fork River at Turah Bridge) 
from March 20, 1997 to July 24, 1997. Boxes show dissolved
concentrations at the percentile (horiz. line inside box), 75 th
and 25’  ̂percentiles (top and bottom of box, respectively), 95 th
and 5 percentiles (upper and lower whiskers, respectively), and 
the max. and min. dissolved concentrations (open circles).
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Figures 2e - h: Dissolved K (e), Li (f), Mg (g), and Mn (h) Distributions for Each 
Sampling Location (BF = Blackfoot River at Swinging Bridge, 
DCB = Clark Fork River at Deer Creek Bridge, FB = Clark Fork 
River at Foot Bridge, and TB = Clark Fork River at Turah Bridge) 
from March 20, 1997 to July 24,1997. Boxes show dissolved 
concentrations at the 50*̂  percentile (horiz. line inside box), 75”  ̂
and 25*^ percentiles (top and bottom of box, respectively), 95 
and 5^̂  percentiles (upper and lower whiskers, respectively), and 
the max. and min. dissolved concentrations (open circles).
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Figures 21 - 1: Dissolved Na (i), S (j). Si (k). and Sr (I) Distributions for Each 
Sampling Location (BF = Blackfoot River at Swinging Bridge, 
DCB = Clark Fork River at Deer Creek Bridge, FB = Clark Fork 
River at Foot Bridge, and TB = Clark Fork River at Turah Bridge) 
from March 20, 1997 to July 24, 1997. Boxes show dissolved 
concentrations at the 50^ percentile (horiz. line inside box), 75 
and 25 percentiles (top and bottom of box, respectively), 95 
and 5 '̂’ percentiles (upper and lower whiskers, respectively), and 
the max. and min. dissolved concentrations (open circles).
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1997 (Fig 3b and Appendix XII). Furthermore, the regional spring runoff of 1997 
was found to be at one of the highest levels recorded in the previous 30 years 
(Fig. 1c).
At the Swinging Bridge site on the Blackfoot River, the results indicate that
discharge exerts strong control over the concentrations of dissolved Ba, Ca, Li,
Mg, and Sr. This is illustrated by the linear relationship between the log of these
elements’ concentrations and discharge on the different sampling dates (Figs.
5a, 6a, 9a, 10a, 15a, and Table 2), where, 87.2 % (r̂  = 0.872) of the behavior of
dissolved Ba and Mg concentrations in the Blackfoot River can be explained by
the effects of discharge variation over the study period (Figs. 5a, 10a, and Table
2). Dissolved Ca, Li, and Sr concentrations also show strong correlations with
2
discharge on the Blackfoot River, with r values of 0.783, 0.866, and 0.832, 
respectively (Figs 6a, 9a, 15a, and Table 2). In the case of these five elements, 
the relationship between dissolved concentration and discharge is inverse (Figs. 
5a, 6a, 9a, 10a, 15a, and Table 2). This means that as flow volumes increase in 
response to spring runoff, the concentrations of these elements decrease. This 
relationship can be explained by the dilution of these dissolved elements as the 
volume of water flowing in the Blackfoot River increases from the contribution of 
sources which are low with respect to these dissolved elements (snowmelt and 
rainfall).
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Table 2. Summary of Concentration«Discharae Relationships
Dissolved Element Inverse Relationship Direct Relationship. No Relatationship r2*
As BF. TB, DCB, FB 0.303, 0.0003, 0.191
Ba BF. TB, DCB, FB 0.872, 0.876, 0.668
Ca BF, TB, DCB, FB 0.783, 0.935, 0.929
Cu TB, DCB, FB BF 0.055, 0.062, 0.049
K BF, TB, DCB, FB 0.391, 0.394, 0.556
Li BF, TB, DCB, FB 0.866, 0.834, 0.924
Mg BF, TB, DCB, FB 0.872, 0.905, 0.941
Mn BF, TB. DCB, FB 0.094, 0.017, 0.005
Na BF, TB, DCB, FB 0.517, 0.829, 0.805
S BF, TB, DCB, FB 0.509, 0.832, 0.870
Si BF, TB, DCB, FB 0.375, 0.627, 0.747
Sr BF, TB, DCB, FB 0.832, 0.933, 0.928
BF = Blackfoot River at Swinging Bridge 
TB = Clark Fork River at Turah Bridge 
DCB = Clark Fork River at Deer Creek Bridge 
FB = Clark Fork River at Foot Bridge
* r2 values listed in order of 1) BF, 2) TB, 3) DCB and FB (combined)
Dissolved Na and 8 concentrations in the Blackfoot River also appear to
be controlled by discharge, but to a lesser degree than the aforementioned
2
elements. The r values for the linear regression between log dissolved Na and 
8 concentrations and discharge are 0.517 and 0.509, respectively (Figs. 12a, 
13a, and Table 2). This indicates that the discharge in the Blackfoot River 
explains only about 50 % of the variability in dissolved Na and 8 concentrations. 
8imilar to Ba, Ca, Li, Mg, and 8r, dissolved Na and 8 concentrations also have 
an inverse relationship with discharge (Figs. 12a, 13a, and Table 2).
Dissolved K and 8i have weaker correlations with discharge on the
2
Blackfoot River than do any of the previously mentioned elements, with r values
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of 0.391 and 0.375, respectively (Figs. 8a, 14a, and Table 2). These two 
elements also have an inverse relationship with discharge and graphs of their 
respective log dissolved concentrations vs. discharge give evidence that also 
supports dilution by runoff as playing a role in influencing the dissolved 
concentrations of these elements in the Blackfoot River (Figs. Ba and 14a).
However, significant scatter within the dissolved concentrations at different
2
discharges for these elements reduce the r values and weaken the correlations.
Dissolved As, Cu, and Mn concentrations from the Blackfoot River at the 
Swinging Bridge do not show any significant relationship with discharge over the 
sampling period (Figs. 4a, 7a, 11a, and Table 2). Dissolved As and Cu 
concentrations in the Blackfoot River remain relatively unchanged over the 
course of the study (As mean = 0.94 pg/L, range = 0.80 pg/L to 1.11 pg/L and 
Cu mean = 0.67, range = 0.32 pg/L to 0.93 pg/L) and this contributes 
significantly to the difficulty in determining relationships between dissolved As 
and Cu concentrations and discharge (Figs. 2a, 2d, and Appendix IX). The 
relatively small changes in dissolved As and Cu concentrations and poor 
correlation with discharge throughout the study period further suggests that 
there is a base concentration of dissolved As and Cu in the Blackfoot River that 
is not affected by dilution. Dissolved Mn concentrations have both high and low 
values that correspond to low discharges but remain relatively constant over a 
wide range of flow rates above these discharges throughout the study (Fig. 11a). 
This data suggests that dissolved Mn concentrations in the Blackfoot River were 
not changed by discharge variations at flow rates from 4980 cfs to 10,100 cfs 
during the rising portion of spring runoff (Fig. 11a and Appendix IX) Thus,
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dissolved Mn inputs to the Blackfoot must be contributed at a rate which allows
concentrations to remain unchanged with rising flow volumes.
At the Turah Bridge site on the Clark Fork River above Milltown Reservoir
2
discharge exerts strong controls on the log dissolved concentrations of Ba (r = 
0.876), Ca (r̂  = 0.935), Li (r̂  = 0.834), Mg (r̂  = 0.905), Na { /  = 0.829), S (r̂  = 
0.832), and Sr (r̂  = 0.933) (Figs. 5b. 6b, 9b, 10b, 12b, 13b, 15b, and Table 2). 
Similar to the dissolved concentrations of these elements in the Blackfoot River, 
the relationship with discharge at the Turah Bridge is inverse (Figs. 5b, 6b, 9b, 
10b, 12b, 13b, 15b, and Table 2). Dissolved Si concentrations also present this
same inverse relationship, but the correlation between log dissolved St
2
concentrations and discharge (r = 0.627) is not as strong as the aforementioned 
elements at this site because of more scatter in the concentration data (Fig 14b 
and Table 2).
Dissolved K concentrations also show an inverse relationship with
discharge at the Turah Bridge (Fig. 8b and Table 2). However, the correlation
2
between log dissolved K concentrations and discharge (r = 0.394) is not very 
strong because of anomalously high dissolved K concentrations (4.59 mg/L) 
measured for samples collected on March 20, 1997 (Fig. 8b, Table 2, and 
Appendix IX). The same results apply to the direct relationship between 
dissolved Cu concentrations and discharge at the Turah Bridge as well.
Although dissolved Cu concentrations generally increase as discharge increases
after March 20,1997 (direct relationship), the relatively high dissolved Cu
2
concentrations measured on March 20, 1997 cause the r value of the linear
2
regression to be low (r = 0.062) (Fig. 7b, Table 2, and Appendix IX). The
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flushing of stagnant hyporheic waters containing relatively high concentrations of 
dissolved Cu and K with increased water levels could have caused the observed 
relationship between dissolved Cu and K concentrations and discharge, 
especially on March 20,1997. Similar results for total and dissolved Cu and Zn 
concentrations during the onset of spring runoff in the Fraser River in British 
Columbia, Canada were also attributed to the release of these elements from the 
bottom sediments (Geesey et al., 1984)
After March 20, 1997, dissolved Cu was being released to the dissolved 
phase of the Clark Fork River at increasing rates as discharge increased. These 
results can be explained by the inclusion of Cu associated with sediments and 
colloids into the dissolved samples or by higher flows releasing more dissolved 
Cu from floodplain soils and/or the hyporheic zone. This relationship between 
higher flows and dissolved Cu may be the result of increased oxidation and 
dissolution of tailings deposits and soluble secondary minerals as water levels 
rose and came in contact with these deposits upstream from the sampling sites. 
Partitioning between the increased suspended loads and the solute phase during 
high flows has also been offered as an explanation for a positive relationship 
between dissolved elements and discharge (Elder, 1988, Geesey et al., 1984, 
and Smith et al., 1992) and may have also influenced the dissolved Cu
concentrations at the Turah Bridge.
2 2 
Dissolved As (r = 0.0003) and Mn (r = 0.017) do not present a clear
relationship with discharge at the Turah Bridge sampling site (Figs. 4b, 11b, and
Table 2). This lack of a dissolved concentration-discharge relationship is
because dissolved As and Mn concentrations are relatively high on dates with
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low, moderate, and high discharges (Figs. 4b, 11b and Appendix IX). This 
indicates dissolved As and Mn concentrations In the Clark Fork River above 
Milltown Reservoir are significantly affected by varying inputs and/or 
biogeochemical processes in the Upper Clark Fork River system, such as those 
affecting dissolved Cu, and are not controlled significantly by surface water 
discharge.
As mentioned in the previous section, dissolved element concentrations at 
the Deer Creek Bridge and Foot Bridge sites below Milltown Reservoir were 
essentially equal within the measurement error (5 %). Therefore, dissolved 
concentration-discharge relationships for these two sites can be examined 
together if it is assumed that the discharge at the two sites is essentially equal as 
well. Because of the lack of surface water inputs and the close proximity of 
these two sites, this assumption is most likely valid within the error of 
measurement of the U.S.G.S. gaging station at the Deer Creek Bridge.
Strong inverse relationships between log dissolved concentrations of Ca, 
Li, Mg, Na, 8, and Sr and discharge were observed during the study period at 
Deer Creek Bridge and the Foot Bridge (Figs. 6c, 9c, 10c, 12c, 13c, 15c, and 
Table 2). Dissolved Ba (r = 0.668), K (r̂  = 0.556), and Si (r^= 0.747) 
concentrations also have inverse relationships with discharge at these two sites, 
but the correlations between their log dissolved concentrations and discharge is 
not as strong (Figs. 5c, 8c, 14c, and Table 2). Similar to the Turah Bridge site, 
the correlation between dissolved K concentrations and discharge is weakened 
because of anomalously high dissolved K concentrations measured at the Deer
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Creek Bridge (3.48 mg/L) and Foot Bridge (3.43 mg/L) on March 20, 1997 (Fig. 
8c and Appendix IX).
The dissolved Cu concentration-discharge correlation at the Deer Creek 
Bridge and the Foot Bridge is strongly affected by the relatively high dissolved 
Cu concentrations (12.28 pg/L and 12.18 pg/L, respectively) measured on March 
20, 1997 (Fig 7a and Appendix IX). Because the dissolved Cu concentrations 
from this date are high when compared to concentrations measured on other 
dates, the linear regression indicates an inverse relationship between dissolved 
Cu concentrations and discharge (Fig. 7a). However, a general direct 
relationship between dissolved Cu concentrations and discharge would be 
observed if the concentrations from March 20, 1997 are excluded (Fig. 7a).
Dissolved As and Mn concentrations do not present any relationship with
2 2
discharge at these two sites (As r = 0.191 and Mn r = 0.005) and indicate that 
surface water discharge is not a significant factor controlling the behavior of 
dissolved As and Mn on this stretch of the Clark Fork River (Figs. 4c, 11c, and 
Table 2).
Details of Hysteresis:
Another aspect of the dissolved concentration-discharge relationships that 
was examined was the temporal variation of dissolved element concentrations at 
different discharge rates over the study period. These phenomena have been 
titled hysteresis because of the non-predictable manner in which some of the 
elements behave with respect to discharge. The details of hysteresis are 
evaluated separately from the general dissolved concentration-discharge
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relationships by examining the temporal variation of dissolved concentrations, at 
different discharge rates, over the course of the study (Figs 5d,e,f - 15d,e,f).
On the Blackfoot River at the Swinging Bridge, dissolved Ba, Ca, K, Li,
Mg, Na, 8, Si, and Sr exhibit similar hysteretic behavior (Figs. 5d, 6d, 8d, 9d,
10d, 12d, 13d, 14d, and 15d). This behavior is characterized initially by a 
significant (except in the case of Si) dissolved concentration increase from March 
20,1997 (1,260 cfs) to April 6,1997 (1,740 cfs). Then, concentrations generally 
fall to minimum values on May 20,1997 (12,500 cfs) and/or June 4,1997 
(10,100 cfs) as flow volumes increased and the dissolved concentrations of 
these elements became diluted with runoff waters (Figs. 5d, 6d, 8d, 9d, lOd,
12d, 13d, 14d, and 15d). Dissolved concentrations of these elements then 
increase as flow volumes decline until July 24,1997 (1880 cfs) (Figs. 5d, 6d, 8d, 
9d, lOd, 12d, 13d, 14d, and 15d). In the case of Ba, Ca, and Mg, dissolved 
concentrations attain levels on July 24,1997 (Ba = 172.68 pg/L, Ca = 27.64 
mg/L, Mg = 10.08 mg/L) very similar, within the errors of measurement (5 %), to 
those on April 6, 1997 (Ba = 155.86 pg/L, Ca = 28.19 mg/L, Mg = 10.64 mg/L), 
during which times the discharges are essentially equal due to the 10 % error 
associated with the gaging station (Figs. 5d, 6d, and lOd). The other elements 
mentioned attain dissolved concentration levels on July 24,1997 significantly 
lower than those found on April 6,1997 and indicate that the sources for these 
elements contribute relatively greater amounts of dissolved K, Li, Na, S, Si, and 
Sr during the initial stages of spring runoff than at similar flow volumes after peak 
discharge (Figs. 8d, 9d, 12d, 13d, 14d, and 15d). This seasonal hysteresis has 
also been observed in other studies which show different chemical compositions
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of waters at similar discharges (Droppo and Jaspot, 1995). The relatively higher 
concentrations of these elements during the initial stages of runoff may be due to 
the flushing of hyporheic waters accumulated during low discharge periods or 
desorption from increased amounts of colloids and/or suspended sediment 
released to the water column with the discharge pulse.
Dissolved As behavior on the Blackfoot River was characterized initially by 
stable concentrations near 1.07 pg/L during the first three sampling events on 
the Blackfoot River (March 20, 1997 = 1.06 pg/L, April 6, 1997 = 1.11 pg/L, and 
April 23,1997 = 1.04 pg/L) (Fig. 4d and Appendix IX). Dissolved As 
concentrations then dropped to 0.80 pg/L on May 12,1997 (9,410 cfs), followed 
by an increase to 0.93 pg/L on May 20,1997 (12,500 cfs). Concentration 
differences are not distinguishable between May 20,1997 and June 4,1997 
(0.88 pg/L), but a decrease to 0.80 pg/L between May 20,1997 and June 25, 
1997 was observed (Fig 4d and Appendix IX). Dissolved As concentrations then 
Increased to 0.94 pg/L on July 24,1997 (Fig 4d and Appendix IX). This 
hysteretic behavior of dissolved As during the study period shows that dissolved 
As concentrations in the Blackfoot River at the Swinging Bridge are not 
significantly controlled by discharge, but remained at a relatively constant level 
over the course of spring runoff (mean = 0.94 pg/L, range = 0.80 pg/L to 1.11 
pg/L) (Appendix IX).
Dissolved Cu concentrations also display hysteretic behavior with respect 
to discharge in the Blackfoot River during the study. Between March 20, 1997 
and April 4, 1997 dissolved Cu concentrations decreased from 0.92 pg/L to 0.57 
pg/L, respectively (Fig. 7d and Appendix IX). This was followed by an increase
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to an average level of 0.92 pg/L on April 23,1997 and May 12,1997 (Fig. 7d and 
Appendix IX). Dissolved Cu concentrations then declined through the peak of 
the runoff and continued to decline over the rest of the study (Fig. 7d and 
Appendix IX). This behavior shows that dissolved Cu concentrations reach their 
maximum levels early in the runoff period and then do not respond to changing 
flow volumes in a manner consistent with dilution. This indicates that dissolved 
Cu sources to the Blackfoot River do not supply dissolved Cu at a constant rate 
during spring runoff, but rather these contributions are relatively high during the 
initial stages of runoff and lower after peak discharge. This data also supports 
the hypothesis that there is a base concentration of dissolved Cu in the Blackfoot 
River that is not affected by dilution.
Dissolved Mn concentrations in the Blackfoot River also can be 
characterized as exhibiting hysteretic behavior during the study period.
Dissolved Mn concentrations decrease significantly from March 20,1997 (7.64 
pg/L) to April 23,1997 (3.47 pg/L), and then sustain a relatively constant level 
through the increasing discharge until June 4, 1997 (Fig. 11d and Appendix IX). 
Dissolved Mn concentrations then decrease, as discharge decreases, through 
July 24,1997 to a concentration of 1.43 pg/L (Fig. l id  and Appendix IX). These 
results indicate that dissolved Mn contributions to the Blackfoot River are greater 
during lower flow volumes early in the runoff period than at similar discharges 
when the flow volumes are decreasing. Additionally, greater discharges in the 
Blackfoot River do not significantly effect the dissolved Mn concentrations 
through dilution and suggest that the rate of dissolved Mn input is greater during
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
52
the period of rising flow volumes and peak runoff than when discharge falls in 
early summer.
At the Turah Bridge site on the Clark Fork River, dissolved Ba, Ca, Li, Mg, 
Na, S, Si, and Sr demonstrate hysteretic behavior which is similar to one another 
(Figs. 5e, 6e, 9e, 10e, 12e, 13e, and 14e). Their behavior (except for Li and Na) 
can be initially characterized by a significant increase in dissolved concentrations 
from March 20,1997 to April 6,1997 as discharge decreased from 3,150 cfs to 
1,770 cfs (Figs. 5e, 6e, 9e, lOe, 12e, 13e, 14e and Appendix IX). Then, as 
discharge increases, dissolved concentrations of these elements fall to minimum 
levels on May 20,1997 (8,300 cfs) and/or June 4,1997 (8,340 cfs), which 
correspond to the maximum discharges recorded during the study (Figs. 5e, 6e, 
9e, lOe, 12e, 13e, 14e and Appendix IX). This decrease in concentration with 
increasing discharge (inverse relationship) is presumably due to the dilution by 
runoff containing lower concentrations of the dissolved elements mentioned. In 
agreement with the idea of dilution controlling the concentrations of these 
elements, the dissolved concentrations of these elements begin to increase after 
the peak of the runoff has passed and discharge decreases (Figs. 5e, 6e, 9e, 
lOe, 12e, 13e, 14e and Appendix IX). The dissolved concentrations of these 
elements continue to increase, with decreasing discharge, until the end of the 
study (Figs. 5e, 6e, 9e, 10e, 12e, 13e, 14e and Appendix IX). Of the elements 
mentioned only Si attains dissolved concentration levels on July 24,1997 (7.82 
mg/L) which are indistinguishable, within the error of measurement, from levels 
on April 6,1997 (8.44 mg/L), during which times the discharges are essentially
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equal due to the 10 % error associated with the gaging station (Figs. 5e, 6e, 9e, 
iOe, 12e, 13e, 14e and Appendix IX).
Dissolved As concentrations at Turah Bridge show behavior which 
indicates that surface water discharge does not exhibit significant control over 
concentration variations (Fig. 4e). From March 20,1997 (3,150 cfs) to April 23, 
1997 (3,080 cfs), dissolved As concentrations drop significantly from 8.89 pg/L to 
4.79 pg/L (Fig. 4e and Appendix IX). Concentrations of dissolved As then 
increase as discharge increases until June 4,1997. Then, even though 
discharge drops by 4000 cfs from June 4,1997 (8,340 cfs) to June 25, 1997 
(4,340 cfs), dissolved As concentrations remain essentially unchanged at 7.58 
pg/L and 7.94 pg/L, respectively (Fig. 4e and Appendix IX). Concentration 
differences between June 25,1997 and July 24,1997 (8.55 pg/L) are essentially 
undetectable within the 5 % error of measurement, even though discharge 
continued to decrease to 1880 cfs on July 24,1997 (Fig. 4e and Appendix IX). 
Dissolved As concentrations on July 24,1997 (8.55 pg/L) are significantly 
greater than on April 6,1997 (5.30 pg/L), during which times flow volumes are 
essentially equal (1,860 cfs and 1,770 cfs, respectively) due to the error 
associated with the gaging station at Turah Bridge (Fig. 4e and Appendix IX). 
These results indicate that dissolved As concentrations are not significantly 
controlled by discharge, but rather by varying source inputs and/or geochemical 
reactions occurring within the Upper Clark Fork system. This indicates that 
sources of dissolved As to the Clark Fork River above Milltown Reservoir 
contribute dissolved As at relatively high rates during the first pulse of runoff in 
the region (Fig 3b). Input rates of dissolved As then decline as this pulse
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passes, only to Increase once again as flow volumes increase. Input rates then 
remain relatively high well into the summer, even though discharge is 
decreasing.
Dissolved K concentrations at Turah Bridge behave similar to dissolved 
Ba, Ca, Mg, S, Si, and Sr. However, instead of an initial increase in 
concentration from March 20,1997 to April 6,1997, dissolved K concentrations 
fall from 4.59 mg/L to 2.38 mg/L (Fig. Be and Appendix IX). Past April 6, 1997, 
dissolved K concentrations continue to decrease through peak runoff and then 
increase as discharge falls off after June 4,1997. Similar to dissolved Si at this 
site, dissolved K concentrations on July 24,1997 (2.13 mg/L) are comparable to 
concentrations at similar discharge levels on April 6,1997 (2.38 mg/L). These 
results indicate that dissolved K concentration at the Turah Bridge are 
significantly influenced by discharge after the first pulse of runoff. This first pulse 
of runoff increases the rate of dissolved K input to the Clark Fork River over input 
rates at similar discharge levels later in the spring and is also thought to be the 
result of the flushing of accumulated dissolved K concentrations from the river’s 
hyporheic zone and/or source areas.
The behavior of dissolved Mn at the Turah Bridge shows that discharge 
alone does not have a significant affect on dissolved Mn concentrations at this 
site. For example, dissolved Mn concentrations fall from their maximum level 
(28.34 pg/L) on March 20, 1997 (3.150 cfs) to 11.79 pg/L on April 6, 1997 (1,770 
cfs), and continue to decrease to 5.11 pg/L on April 23,1997 (3,080 cfs) (Fig.
11e and Appendix IX). Dissolved Mn concentrations then increase with 
increasing discharge to essentially equal concentrations, within the error of
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measurement (5 %) of 14.87 and 16.08 pg/L on May 20, 1997 and June 4,1997, 
respectively (Fig. l ie  and Appendix IX). Then, although discharge decreased 
by 4,000 cfs between June 4,1997 (8,340 cfs) and June 25,1997 (4,340 cfs), 
dissolved Mn concentrations at Turah Bridge continued to increase to 25.77 pg/L 
(Fig. l ie  and Appendix IX). Dissolved Mn concentrations then decreased 
dramatically to 9.86 pg/L on July 24,1997 as discharge continued decreasing to 
1,880 cfs (Fig. l ie  and Appendix IX). These results indicate that dissolved Mn 
concentrations at Turah Bridge are controlled by varying source inputs and/or 
geochemical reactions occurring within the Upper Clark Fork system, similar to 
dissolved As . These sources cause dissolved Mn input rates to be relatively 
high during the first pulse of high water, then decrease significantly only to be 
increased through the peak discharge and into the falling discharge period of 
spring runoff before dissolved Mn concentrations again decrease. The increase 
in dissolved Mn concentrations from peak runoff during May 20,1997 and June 
4, 1997 to June 25,1997 may be conceptualized as a lag in high dissolved Mn 
concentrations emanating from source areas in the headwaters of the Clark Fork 
River system as a result of the flushing of these source areas due to high water 
levels. This same increase in concentrations may also be the result of 
groundwater contribution from source areas farther upstream.
By making the assumption that discharge at the Foot Bridge is essentially 
equal to discharge at Deer Creek Bridge, dissolved concentration-discharge 
relationships can be examined together for the two sites with respect to 
hysteresis. For the sake of simplicity, only dissolved concentrations measured at 
Deer Creek Bridge are plotted on figures 4f-15f, but the hysteretic behavior of
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these same dissolved elements at the Foot Bridge is very similar to their 
respective behavior at Deer Creek Bridge. Therefore, figures 4f-15f can be seen 
as applying to the hysteretic behavior of dissolved element concentrations, with 
respect to discharge variations, of both Deer Creek Bridge and the Foot Bridge.
Dissolved Ba, Ca, K, Li, Mg, Na, S, Si, and Sr concentrations at Deer 
Creek Bridge and the Foot Bridge behave similar to their respective 
concentrations at Turah Bridge, with respect to hysteresis (Figs. 5e-f, 6e-f, 8e-f, 
9e-f, 10e-f, 12e-f, 13e-f, 14e-f, 15e-f, and Appendix IX). The exceptions to this 
similarity arise with concentration-discharge relationships observed between 
March 20,1997 (4970 cfs) and April 4,1997 (3600 cfs) and between April 4,
1997 and July 24,1997 (3900 cfs). For example, Ca, S, Si, and Sr at the two 
downstream sites did not show a dissolved concentration increase between 
March 20, 1997 and April 4,1997 as significant as the increase observed for 
these same dates at the Turah Bridge (Figs. 6e-f, 13e-f, 14e-f, and 15e-f). This 
observation is most likely the result of the dilution of waters from the Clark Fork 
River above Milltown Reservoir by lower concentration waters of the Blackfoot 
River in and directly below the reservoir. The result of this dilution at Deer Creek 
Bridge and the Foot Bridge would be to lower the dissolved concentrations of 
these elements at these sites below the reservoir relative to the concentrations 
observed above the reservoir, and decrease the contrast between 
concentrations observed on the two dates. In contrast to the behavior of Ba and 
Si at Turah Bridge, Si does not reach levels of indistinguishable concentrations 
between April 4, 1997 (DCB = 7.65 mg/L, FB = 7.63 mg/L) and July 24, 1997 
(DCB = 6.06 mg/L, FB = 6.02 mg/L). Ba does attain indistinguishable
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concentrations at the essentially equal discharges (April 6,1997 = 3600 cfs, July 
24, 1997 = 3900 cfs) from these two dates (DCB = 117.80 pg/L and 113.23 pg/L, 
respectively and FB = 116.95 pg/L and 111.25 pg/L, respectively) at the two 
downstream sites (Figs. 5e-f, 14e-f, and Appendix IX). These results for 
dissolved Ba, Ca, K, Li, Mg, Na, S, Si, and Sr indicate that flow volumes at these 
downstream sites and mixing between the waters of the Blackfoot and Upper 
Clark Fork Rivers significantly control the dissolved concentrations of these 
elements at Deer Creek Bridge and the Foot Bridge.
Dissolved As and Cu concentrations also exhibit behavior at the Deer 
Creek Bridge and Foot Bridge sites similar to their respective behavior at Turah 
Bridge (Figs. 4e-f and 7e-f). The exception to this similarity for dissolved As is 
that concentrations at Deer Creek Bridge and the Foot Bridge on June 4,1997 
(DCB =4.17 pg/L, FB = 4.21 pg/L) and June 25,1997 (DCB = 4.93 pg/L, FB = 
4.88 pg/L) are significantly different, within the measurement error (5 %) (Figs 
4e-f and Appendix IX). Also, dissolved As concentrations on July 24,1997 (DCB 
= 5.49 pg/L, FB = 5.31 pg/L) at the two downstream sites did not return to the 
level they attained on March 20,1997 (DCB = 6.78 pg/L, FB = 6.76 pg/L), as 
they did at Turah Bridge on the same dates. (Figs 4e-f and Appendix IX). This 
last point of difference between the upstream and downstream sites on the Clark 
Fork River can be explained by the dilution of dissolved As from the Upper Clark 
Fork River by low dissolved As water from the Blackfoot River. Differences 
regarding the hysteretic behavior of dissolved Cu at the sites below Milltown 
Reservoir and Turah Bridge can also be explained through the dilution of higher 
concentration waters of the Upper Clark Fork by lower relative Cu concentrations
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from the Blackfoot River. The results of this dilution caused dissolved Cu 
concentrations to show less of an Increase, with increasing discharge, between 
April 6,1997 (DCB = 2.59 pg/L, FB = 2.43 pg/L) and June 4, 1997 (DCB = 4.23 
pg/L, FB= 4.39 pg/L) at the downstream sites than at Turah Bridge (3.66 pg/L 
and 9.47 pg/L, respectively) (Figs. 7e-f and Appendix IX). Dissolved Cu 
concentrations also did not show as significant a decrease in concentrations 
from June 4, 1997 (DCB = 4.23 pg/L, FB= 4.39 pg/L, TB = 9.47 pg/L) to July 24, 
1997 (DCB = 3.11 pg/L, FB = 3.18 pg/L, TB = 5.26 pg/L ) at the Deer Creek 
Bridge and the Foot Bridge as at the Turah Bridge when discharge was 
declining. These results indicate that dilution of the waters from the Clark Fork 
River above Milltown Reservoir by relatively low concentrations waters of the 
Blackfoot River affect the behavior of dissolved As and Cu below Milltown 
Reservoir by dampening the response of these elements below the reservoir to 
their varying inputs from sources in the Upper Clark Fork system.
Dissolved Mn concentrations also exhibit hysteretic behavior below 
Milltown Reservoir which is similar to its behavior at Turah Bridge (Figs. Ile -f). 
Similar to many of the other dissolved elements examined at Deer Creek Bridge 
and the Foot Bridge, dissolved Mn does present some behavioral differences 
between these sites and the Turah Bridge. These differences occur between 
May 12 , 1997 and June 4,1997, with dissolved Mn concentrations decreasing 
at the downstream sites (DCB = 15.84 pg/L and 11.52 pg/L, respectively and FB 
= 16.92 pg/L and 11.57 pg/L, respectively) rather than increasing with discharge 
as they did at Turah Bridge (13.59 pg/L and 16.08 pg/L, respectively) (Figs. 1 le -f 
and Appendix IX). This can also be viewed as a result of dilution by the rising
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waters of the Blackfoot River, which remained relatively constant at a 
significantly lower average dissolved Mn concentration of 3.38 pg/L during this 
period (Fig. 11d and Appendix IX). This same dilution also appears to have had 
an affect upon the relatively greater difference between dissolved Mn 
concentrations attained on July 24,1997 (DCB = 11.64 pg/L, FB = 10.00 pg/L) 
and April 6,1997 (DCB = 15.28 pg/L, FB = 14.22 pg/L) at the two sites 
downstream, when compared to concentrations on those same dates at Turah 
Bridge (9.86 pg/L and 11.79 pg/L, respectively) (Figs I le - f and Appendix IX). 
These results also indicate that the mixing of lower concentration dissolved Mn 
water from the Blackfoot River with the waters of the Upper Clark Fork have a 
significant effect upon the response of dissolved Mn concentrations below the 
reservoir to varying dissolved Mn inputs from the Upper Clark Fork system.
The reason for the anomalously high dissolved concentrations for the 
elements of interest during the March 20,1997 and April 4,1997 sampling 
events is hypothesized as being the result of the first significant runoff events of 
the season flushing accumulated dissolved elements from the rivers’ hyporheic 
zones and/or the respective source areas for these elements (Figs. 3b, 4d,e,f- 
15d,e,f and Appendices IX and XII). This hypothesis is supported by other 
studies which observed similar geochemical changes in both hyporheic pore 
waters and surface waters (Geesey et al., 1984 and Sanden, 1997). Another 
possibility for these anomalously high dissolved concentrations is that the 
formation of soluble secondary minerals because of oversaturation during the 
winter. This process may have led to the dissolution and release of the elements 
associated with these minerals when rising ground and surface waters contacted
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them during this first significant runoff event (Alpers et al., 1994, Eriksson and 
Destouni, 1997, and Nimick and Moore, 1991). In either case, the elements 
released from these processes would then be mobilized to the water column and 
allowed to flow as a pulse until either the hyporheic zones were sufficiently 
flushed or the majority of the soluble secondary minerals were dissolved.
Dissolved Oxygen and pH
Dissolved oxygen and pH measurements were taken on the five sampling 
dates from May 12,1997 to July 24,1997. Because one of the main objectives 
to sampling with the ultraclean methods was to not filter the dissolved constituent 
samples in the field, time constraints were placed on the time length of each 
sampling event. This meant that no replicate measurements of dissolved oxygen 
or pH were taken and that the respective electrodes were calibrated in the 
laboratory before going to the sampling sites. Therefore, measurements of the 
electrodes' precision are not available and the electrodes were used basically as 
reconnaissance tools to identify physical parameters that may have significantly 
affected the water chemistry of the system on a qualitative basis. Thus, based 
on the standard deviations of all dissolved oxygen and pH measurements and 
the consistency of these measurements at the two sites down river from Milltown 
Reservoir (Deer Creek Bridge and Foot Bridge) (Appendix X), a standard error of 
+/- 5.0% was assigned to measurements from each site for comparison 
purposes. The consistency of dissolved oxygen and pH measurements between 
the two downstream sites was chosen to evaluate the precision of the 
measurements based upon the dissolved element data which showed these two
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sites to be very similar with respect to geochemical conditions throughout the 
study period (Figs. 2a-l)
As illustrated by figure 17a, dissolved oxygen values were generally not 
significantly different within the assigned 5.0% margin of error between sampling 
sites on the different dates (May 20,1997, June 4, 1997, June 25,1997, and 
July 24,1997). The exception to this generalization is the dissolved oxygen 
measurements taken on May 12,1997. On this date, dissolved oxygen 
concentrations at the Deer Creek Bridge (12.7 +/- 0.64 mg/L) and the Foot 
Bridge (12.1 +/- 0.61 mg/L) were greater than the dissolved oxygen 
concentrations at the Turah Bridge (10.3 +/- 0.52 mg/L) and on the Blackfoot 
River at the Swinging Bridge (10.0 +/- 0.50 mg/L) (Fig, 17a and Appendix X). As 
a whole, dissolved oxygen concentrations remained relatively consistent over the 
five sampling periods, ranging from 8.5 +/- 0.43 mg/L on the Blackfoot River on 
July 24, 1997 to 12.7 +/- 0.64 mg/L at the Deer Creek Bridge on May 12,1997 
(Fig. 17a and Appendix X).
Figure 17b shows the dissolved oxygen distribution at each site from May 
12,1997 to July 24,1997 and illustrates that the median concentration of 
dissolved oxygen at the Turah Bridge site was the lowest (9.1 mg/L) of the four 
sampling locations. The Blackfoot River at the Swinging Bridge had the second 
lowest median dissolved oxygen concentration (9.8 mg/L) over the course of the 
study (Fig. 6b). In agreement with the other measured dissolved element data, 
the median dissolved oxygen concentrations at the Deer Creek Bridge and the 
Foot Bridge were essentially equal at approximately 10.2 mg/L (Fig. 17b).
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In contrast to dissolved oxygen levels, pH at the four sites showed little 
difference from one another at the 5 % margin of error on any sampling date 
from May 12,1997 to July 24,1997 (Fig. 18a and Appendix X). As a whole, pH 
remained slightly basic over the course of the study period, with a range of pH 
values from 7.5 +/- 0.4 on May 12,1997 at the Turah Bridge to pH = 8.9 +/- 0.5 
on the Blackfoot River on June 25,1997 (Fig. 7a and Appendix X). Similar to 
dissolved oxygen levels, Turah Bridge had the lowest median pH value 
(approximately 7.5) and the Blackfoot River at the Swinging Bridge the second 
lowest median pH value (approximately 7.8) throughout the study period (Fig. 
18b). Unlike dissolved oxygen, the median pH values at the Deer Creek Bridge 
and the Foot Bridge were not equal, although they were very similar at 
approximately 7.9 pH units (Fig. 18b).
Mass Balance Results and Discussion
The calculated dissolved concentrations for each element from both the 
Blackfoot River at the Swinging Bridge and Clark Fork River at Turah Bridge, for 
a specific sampling date, were added together to obtain the calculated dissolved 
concentrations of the elements in the Clark Fork River below Milltown Reservoir 
(eq. 1). These calculated values were then compared to the measured 
concentrations of the elements of interest at the Deer Creek Bridge site to 
characterize the behavior of each element in the system. Due to the error 
associated with the gaging stations, calculated dissolved concentrations are also 
subject to a +/-10% error because the discharge at each site was used to 
calculate the percent contribution of flow for both the Blackfoot and the Clark
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Fork rivers above Milltown Reservoir to the total discharge below Milltown 
Reservoir. When this percent contribution was multiplied by the measured 
dissolved concentrations from the rivers above Milltown Reservoir to obtain their 
respective calculated dissolved concentrations, the +/-10% error became 
inherent to the calculated values. Furthermore, because this 10% error 
encompassed the 5 % error associated with the measured values, the 10% error 
was the final error assigned to the calculated dissolved concentrations for all 
elements of interest above and below Milltown Reservoir.
Of the twelve elements that the mass balance calculations were 
performed on, all of them, except Mn, behaved conservatively within the system 
during the period of study (Figs. IGa-l and Appendix IX). This means that the 
calculated and measured dissolved concentration values for As, Ba, Ca, Cu, K,
Li, Mg, Na, S, Si, and Sr on each sampling date fell within the error of 
measurement of one another and were essentially equal values. The 
classification of these elements as conservative then relates to these elements 
respective abilities to flow through Milltown Reservoir unaffected (no detectable 
change) by the entire system over a wide range of flows. Therefore, these 
conservative elements were not attenuated or added to by processes in the 
Milltown Reservoir system and behaved as the mass balance predicted they 
should during the spring and early summer of 1997 (Figs. 16a,b,c,d,e,f,g,i,j,k,l 
and Appendix IX). Consequently, no additional release of these elements can 
be quantified as originating from Milltown Reservoir and thus, Milltown Reservoir 
was not a source of these dissolved constituents from March 20,1997 to July 24, 
1997.
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Although not outside of the margins of error, dissolved As concentrations 
did show a trend towards non-conservative behavior from peak discharge (May 
20,1997) to the end of the study (Fig. 16a and Appendix IX). This trend can be 
inferred by observing the Increasing difference between measured and 
calculated concentrations for these dates (Fig. 16a and Appendix IX). On June 
25, 1997 and July 24,1997 especially, the measured concentrations are greater 
than the calculated concentrations and suggest that the Milltown Reservoir 
system may have acted as a source of dissolved As on and between these 
dates. However the large error (10 %) associated with the calculated dissolved 
As concentrations (June 25, 1997 = 4.30 +/- 0.43 pg/L, July 24,1997 = 4.75 +/- 
0.48 pg/L) slightly encompasses the measurement error (5 %) of measured 
dissolved As concentrations (June 25, 1997 = 4.93 +/- 0.25 pg/L, July 24,1997 = 
5.49 +/- 0.27 pg/L) and no definite conclusions about these dates can be drawn 
(Fig. 16a and Appendix IX).
Dissolved Mn was the only element examined which did not behave 
conservatively within the system during the study period. For example, on March 
20, 1997, the measured dissolved Mn concentration (17.63 +/- 0.88 pg/L) was 
less than the calculated concentration (22.33 +/- 2.23 pg/L) (Fig 16h and 
Appendix IX). This Indicates that on that date dissolved Mn was being 
attenuated by Milltown Reservoir. After March 20, 1997, the measured dissolved 
Mn concentrations at Deer Creek Bridge were significantly greater than the 
calculated dissolved concentrations on every sampling date for the remainder of 
the study (Fig. 16h and Appendix IX). These results Imply that Milltown
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Reservoir acted as a source of dissolved Mn during this period from April 6,1997 
until at least July 24, 1997.
One explanation for the finding of nonconservative Mn behavior could be 
the result of physio-chemical reactions within the sediments of Milltown Reservoir 
such as adsorption/desorption, oxidation-reduction, and dissolution-précipitation 
reactions first acting to cause the attenuation of dissolved Mn and then the 
release of dissolved Mn. It is presumed that these types of reactions would be 
accompanied or proceeded by significant changes in the physical parameters pH 
and dissolved oxygen. Since these parameters remained relatively constant 
over the course of the study and between sampling sites, the switching of the 
Clark Fork River between Milltown Reservoir and the Deer Creek Bridge 
sampling site from a losing to a gaining stretch of river is offered as another 
explanation for dissolved Mn behavior. In the second case, this would mean that 
the groundwaters in contact with the Clark Fork River between Milltown 
Reservoir and the Deer Creek Bridge contained Mn levels that were elevated in 
comparison to the waters of the Clark Fork River and that these waters were 
being released to the Clark Fork River both during and after runoff. This 
conclusion is supported by studies conducted by Woessner et al. (1984), which 
have documented elevated levels of Mn in groundwaters adjacent and below 
Milltown Reservoir. Elevated As levels were also observed in this same 
groundwater system and may explain the possible release of relatively small 
quantities of dissolved As to the Clark Fork River below Milltown Reservoir.
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Table 3. Estimated % Groundwater Contribution below Milltown Res
Date %GWat8mg/L* % GW at 2 mg/L** % GW at 25 mg/L**
March 20, 1997 NA NA NA
April 06, 1997 0.09% 0.34% 0.03%
April 23, 1997 0.07% 0.29% 0.02%
May 12. 1997 0.11% 0.44% 0.03%
May 20, 1997 0.07% 0.30% 0.02%
June 04, 1997 0.03% 0.13% 0.01%
June 25, 1997 0.04% 0.18% 0.01%
July 24, 1997 0.07% 0.30% 0.02%
* Groundwater percent of total discharge in the Clark Fork River below Milltown 
Reservoir at the mean dissolved Mn concentration in groundwater of Milltown 
Reservoir.
** Groundwater percent of total discharge in the Clark Fork River below Milltown 
Reservoir at the min (2 mg/L) and max (25 mg/L) dissolved Mn concentrations 
in groundwater of Milltown Reservoir.
Calculations were performed to estimate the contribution of groundwater 
to total flow below Milltown Reservoir that would have had to be present in order 
to attain the measured dissolved Mn concentrations observed at Deer Creek 
Bridge (Table 3). These calculations were carried out with the assumption that 
the dissolved Mn concentrations in groundwater was within the range of 
measurements from Woessner et al. (1984). Therefore, estimated contributions 
of groundwater to the Clark Fork River below Milltown Reservoir were calculated 
assuming that the mean dissolved Mn concentration was 8.0 mg/L with a 
minimum concentration of 2.0 mg/L and a maximum concentration of 25 mg/L 
(Woessner et al., 1984). Estimated groundwater contributions range from 0.44
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% to 0.13 % of total discharge at 2 mg Mn/L in groundwater, from 0.03 % to 0.11
% of total discharge at 8 mg Mn/L in groundwater, and from 0.01 % to 0.03 % of
total discharge at 25 mg Mn /L in groundwater (Table 3).
Estimations of groundwater contributions were made by setting the 
calculated contribution of dissolved Mn from groundwater (Cal. Cont. = %
® '  GW GW
X Conc.^^) plus the calculated concentration of dissolved Mn from surface water 
at Deer Creek Bridge (Cal. Conc.^^) equal to the measured concentration of
DC6
dissolved Mn at Deer Creek Bridge (Meas. Conc.^^^) for each date when a
source of dissolved Mn was suspected (April 6,1997 to July 24,1997) according 
to equation 2:
(eq. 2) Cal. Cont.^,., + Cal. Conc.„„„ = Meas. Conc.^^„
'  ^  '  GW DCB DCB
-Cal. Cont.^^ = % Q ^^xConc.^^
- (Conc.^^ = 2, 8, and 25 mg Mn/L)
- Cal. Cone. = Cal. Cone. ^ from eq. 1
DCB DCB ^
Equation 2 was then solved for the contribution of groundwater to total discharge
at Deer Creek Bridge according to the equation:
(eq. 3) % = (Meas. Cone. - Cal. Conc.^^J / Conc.^
'  ^  GW DCB DCB GW
Performing these calculations showed that a minimal input of groundwater 
with mg/L levels of dissolved Mn from Milltown reservoir could be responsible for 
the source of dissolved Mn observed from April 6, 1997 to July 24, 1997 to the 
Clark Fork River below Milltown Reservoir.
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Table 4. Estimated Groundwater Contribution fcfs) below Milltown Res.
Date GW cfs at 8 mg/L* GW cfs at 2 mg/L** GW cfs at 25 mg/L**
March 20, 1997 NA NA NA
April 06, 1997 3.2 12.2 1.1
April 23,1997 6.5 26.9 1.9
May 12, 1997 16.3 65.1 4.4
May 20, 1997 14.4 61.5 4.1
June 04. 1997 5.3 23.1 1.8
June 25, 1997 3.4 15.2 0.8
July 24, 1997 2.7 11.7 0.8
* Groundwater contribution (cfs) to the Clark Fork River below Milltown 
Reservoir at the mean dissolved Mn concentration in groundwater of Milltown 
Reservoir.
** Groundwater contribution (cfs) to the Clark Fork River below Milltown 
Reservoir at the min (2 mg/L) and max (25 mg/L) dissolved Mn concentrations 
in groundwater of Milltown Reservoir.
Even though measured and calculated dissolved As concentrations fell 
within the margin of error of one another (Fig 16a), the percent contributions of 
groundwater to discharge at Deer Creek Bridge (from the dissolved Mn 
estimations) were used to estimate the concentrations of dissolved As that 
needed to be present in groundwater to obtain the measured dissolved As 
concentrations found at Deer Creek Bridge (Table 5). This estimation was 
performed to compare the estimated dissolved As concentrations in groundwater 
to the dissolved As in Milltown Reservoir groundwater measured by Woessner et 
al. (1984).
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Table 5. Estimated As Concentrations in Groundwater
Date As cone in GW 
at 8 mg Mn/L*
As cone in GW As cone in GW 
at 2 mg Mn/L** at 25 mg Mn/L
March 20, 1997 NA NA NA
April 06. 1997 NA NA NA
April 23. 1997 181 46 627
May 12. 1997 183 48 665
May 20, 1997 263 64 913
June 04. 1997 921 215 2754
June 25, 1997 1583 355 6318
July 24.1997 1069 253 3730
* Dissolved As concentration (ng/L) in groundwater based upon the percent 
contribution of groundwater to total discharge at Deer Creek Bridge found at a 
mean dissolved Mn concentration of 8 mg/L in the groundwater of Milltown 
Reservoir.
** Dissolved As concentration (pg/L) in groundwater based upon the percent 
contribution of groundwater to total discharge at Deer Creek Bridge found at 
the min. (2 mg/L) and max. (25 mg/L) dissolved Mn concentrations in the 
groundwater of Milltown Reservoir.
The estimations of dissolved As concentrations in groundwater were
calculated by setting the sum of the calculated contribution of dissolved As from 
groundwater (% Q x Cone. ) and the calculated contribution of dissolved As
® '  GW GW
from surface water at Deer Creek Bridge {% Q x Cal. Cone. ) equal to the
DCB DCB
measured dissolved as concentration at Deer Creek Bridge(Meas. Conc.^^J.
DCB
(eq. 4) Cal. Cont. + Cal. Cont.^^„ = Meas. Conc.^^^
'  ^  '  GW DCB DCB
-C a l.C on t^ = %Q^v»^‘=°'’Sv»
-Cal. Cont. = % Q x Cal. Cone. from eq. 1
DCS DCB DCB
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Equation 4 was then solved for the concentration of dissolved As in groundwater 
(Conc.^^) according to the equation:
(eq. 5) Conc.g^ = (Meas. Conc.^^ - Cal. Cont.^^^) / %
The estimated dissolved As concentrations in groundwater (Table 5) 
compare reasonably well with the concentrations of dissolved As measured in 
Milltown Reservoir groundwater by Woessner et al. (1984). The average 
dissolved As concentration measured was 524 pg/L and ranged from 110 pg/L to 
6160 pg/L, which support the results of Table 5 by showing a similar range for 
dissolved As concentrations.
Because the runoff levels were higher in 1997 when compared to other 
years (Fig. 1c), it is possible that the results of the mass balances may not be 
totally representative of the behavior of the Milltown system during more typical 
years when runoff is lower. However, these results do indicate that input from 
groundwater associated with Milltown Reservoir may influence the 
concentrations of dissolved Mn (and possibly As) in the Clark Fork River below 
the reservoir during years with high runoff. Once again, dissolved As and Mn are 
the only two elements of the twelve examined which indicated nonconservative 
behavior within the Milltown system. This shows that the dissolved 
concentrations of Ba, Ca, Cu, K, Li, Mg, Na, S, Si, and Sr are not changed 
significantly by processes associated with Milltown Reservoir.
ReprocJucecJ with permission of the copyright owner. Further reproctuction prohibitect without permission.
□ As measursd As caleulaisd 85
3C(V97 4/06/97 4/23/97 5/1297 5/20/97 504/97 6/25/97 7/24/97
140
□ Ba maasurM Ba calculated
3/2057 4/0657 4 5 3 5 7  5/1257 5 50 5 7  504 5 7  65557  7 54 5 7
Figures 16a - b; Measured and Calculated Dissolved As (a) and Ba (b)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
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300/97 4/06/97 4 0 3 0 7  5/12/97 5/2007 6/0407 6 0 5 0 7  7 0 4 0 7
□  cumeasured Cu calculated
3 0 0 0 7  4 0 6 0 7  4 03 0 7  5/1207 SO»97 60407  6 05 0 7  70407
Figures 16c - d; Measured and Calculated Dissolved Ca (c) and Cu (d)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
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300197 « 0 6 / 9 7  « 2 3 / 9 7  5 / 1 2 / 9 7  S / 2 0 / 9 7  6 A X / 9 7  6 / 2 S / 9 7  7 / 2 « 9 7
□ Li measured U  e a l c u i a i e d
3C0/97 «06/97 « 23 9 7  5/12/97 SÆ097 6®«97 6 9 5 9 7  7/2«97
Figures 16e - f: Measured and Calculated Dissolved K (e) and ü  (f)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I I Mgmaasurad Mg calculalad 88
32 *9 7  4W 97 ««397 5/1397 5 « *9 7  »04«7 5«Si®7 7«««7
I I Mn measured Mn ealeulaied
3 2 * 9 7  4 / 0 * 9 7  4 « 3 9 7  5 / 1 2 / 9 7  S / 2 ( V 9 7  6 / 0 4 « 7  * 2 5 / 9 7  7 « 4 « 7
Figures 16g - h: Measured and Calculated Dissolved Mg (g) and Mn (h)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
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3I20S7 4106/97 4n3/97  5/1297 5 00 9 7  6/0497 6 0 5 9 7  7/2497
5 calculated
3 00 9 7  4 9 6 9 7  4 0 3 9 7  5/1297 5 00 9 7  6 9 4 9 7  6 0 5 9 7  70497
Figures 161 - j: Measured and Calculated Dissolved Na (I) and S (j)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
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300197 w o rn  *03197 5 / 1 2 / 9 7  300197 910*797 9723/97 772*797
□ Sr measured Sr calculated
3/270797 *700797 *723/97 S / 1 2 / 9 7  5 0 0 / 9 7  9/0*797 9723797 772*797
Figures 16k - 1: Measured and Calculated Dissolved Si (k) and Sr (I)
Concentrations Below Milltown Reservoir (Deer Creek Bridge).
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BF DCS FB TB
Figures 17 a - b: a) Dissolved Oxygen (DO) Concentration at Each Sampling
Location (BF = Blackfoot River at Swinging Bridge, DOB = 
Clark Fork River at Deer Creek Bridge, FB = Clark Fork River 
at Foot Bridge, and TB = Clark Fork River at Turah Bridge) 
from 3/12/97 to 7/24/97. b) DO Distributions from 3/12/97 to 
7/24/97. Boxes show dissolved concentrations at the 50^ 
percentile (horiz. line inside box), 7 5 and 25"^ percentiles 
(top and bottom of box, respectively), 95 ̂  and 5 percentiles 
(upper and lower whiskers, respectively).
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Figures 18 a - b: a) pH at Each Sampling Location (BF = Blackfoot River at
Swinging Bridge, DCB = Clark Fork River at Deer Creek 
Bridge, FB = Clark Fork River at Foot Bridge, and TB = Clark 
Fork River at Turah Bridge) from 3/12/97 to 7/24/97. b) pH 
Distributions from 3/12/97 to 7/24/97. Boxes show pH at the
th50 percentile (horiz. line inside box), 75 and 25 
percentiles (top and bottom of box, respectively), 95 and 5 
percentiles (upper and lower whiskers, respectively).
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Conclusions
Since As, Cu, K, Li. Mn, Na, S, Si, and Sr ail have greater mean dissolved 
concentrations at the Turah Bridge sampling site on the Clark Fork River above 
Milltown Reservoir than at the Swinging Bridge site on the Blackfoot River, it can 
be concluded that the Clark Fork River must have an upstream source(s) that 
releases these elements to the dissolved phase in the Clark Fork River at 
elevated rates when compared to the sources for these elements in the 
Blackfoot River (Fig. 2 a,d,e,f,h,i,j,k, and I, and Appendix IX). These elements are 
associated with the types of wastes that are produced by the extraction of sulfide 
ores (Alpers et al., 1994). Therefore, it is concluded that the source of these 
dissolved elements is related to the deposition of mining wastes in the 
headwaters region and along the floodplain of the upper Clark Fork River. It can 
also be concluded that the Blackfoot River has a source(s) that contribute 
dissolved Ba in concentrations that are greater than the dissolved Ba 
concentrations found in the Clark Fork River above Milltown Reservoir (Fig. 2b 
and Appendix IX).
Mean dissolved As, Cu, Mn, and S had the greatest enrichment factors in 
the Clark Fork River above Milltown Reservoir over the Blackfoot River above 
Milltown Reservoir (7.3,11.5,4.2 and 5.2, respectively). This indicates that the 
contribution of these elements to the dissolved load of the Clark Fork River 
below Milltown Reservoir during runoff is significantly greater from the Clark Fork 
River above the reservoir than from the Blackfoot River. Once again, the 
enrichment of these elements’ dissolved concentrations in the Clark Fork above
93
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Milltown Reservoir over the levels found in the Blackfoot River can be attributed 
to sources of these elements relating to the deposition of mining wastes in the 
Upper Clark Fork system and remobilization of these elements to the dissolved 
load of the Clark Fork River. The remobilization of these elements may be the 
result of several factors including; the oxidation of secondary tailing deposits in 
the Upper Clark Fork, the dissolution of soluble secondary minerals formed 
during the winter when water levels are low, sorption reactions on the surfaces of 
sediments and colloids in the water column and secondary deposits along the 
floodplain, and the flushing of dissolved constituents from the hyporheic zone of 
the Upper Clark Fork River system.
Also to be concluded from this study is that the mean dissolved 
concentrations for every element are essentially equal for the Deer Creek Bridge 
site on the Clark Fork River below Milltown Reservoir and the Foot Bridge site 
farther downstream on the Clark Fork River (Figs. 2a-l and Appendix IX). This 
means that the waters from both the Blackfoot and the Clark Fork Rivers above 
Milltown Reservoir must be completely mixed by the time the waters reach the 
Deer Creek Bridge site because there is no significant change in the dissolved 
concentrations of any of these elements farther downstream. This also leads to 
the conclusion that any interaction between the Clark Fork River and 
groundwaters over the stretch of river below Milltown Reservoir occur between 
the Deer Creek Bridge and the reservoir. These waters must also be fully mixed 
by the time they reach the Deer Creek Bridge because of a lack of concentration 
differences between the two sites. This equality between the two sampling sites 
below Milltown Reservoir also supports the conclusion that reactions occurring
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within the hyporheic zone of the Clark Fork River do not significantly change the 
dissolved concentrations of these elements over this portion of the river. These 
conclusions are further supported by the constancy of the physical parameters 
pH and dissolved oxygen over the entire study area (Figs. 17a,b, 18a,b, and 
Appendix X).
With respect to the relationships between dissolved concentrations in the 
Milltown Reservoir system and discharge during the study, Ba, Ca, K, Li, Mg, Na, 
S, Si, and Sr show a general trend toward an inverse relationship with discharge 
at all sampling sites. Although the degree of this relationship varies among 
elements and sampling sites somewhat, the general conclusion can be drawn 
that the respective sources of these dissolved elements did not contribute them 
in a manner which allowed the dissolved concentrations to keep up with 
discharge. Thus, as the discharge increased, the amounts of these dissolved 
elements became subject to dilution and the dissolved concentrations in the 
system decreased and then increased as flow declined.
Dissolved As concentrations were relatively constant over all discharges 
at the Swinging Bridge and had no discernible relationship with discharge at the 
Turah Bridge or the Deer Creek Bridge (Figs. 4a-c). This indicates that the 
source(s) of dissolved As to the Blackfoot River contribute dissolved As at a rate 
which is not affected by dilution. The lack of a relationship between dissolved As 
concentrations and discharge in the Clark Fork River above and below Milltown 
Reservoir and the conservative behavior of As in the system, suggests that 
dissolved As is heavily affected by varying inputs and/or biogeochemical process 
in the upper Clark Fork River system.
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Dissolved Cu concentrations had a direct relationship with discharge at 
the sampling sites on the Clark Fork River, above and below Milltown Reservoir 
(disregarding concentrations from March 20,1997), and remained relatively 
constant over all discharge rates in the Blackfoot River (Figs. 6a-c). This 
indicates that there is a base concentration of dissolved Cu in the Blackfoot River 
that is not affected by dilution. Since Cu acts conservatively within the study 
area, the conclusion can be drawn that the source(s) of dissolved Cu to the Clark 
Fork River must also have a direct relationship with discharge. This means that 
dissolved Cu was being released to the dissolved phase at increasing rates as 
discharge increased. These results can be explained by the inclusion of Cu 
associated with sediments and colloids into the dissolved samples or by higher 
flows releasing more dissolved Cu from floodplain soils and/or the hyporheic 
zone. This relationship between higher flows and dissolved Cu may be the result 
of increased oxidation and dissolution of tailings deposits and soluble secondary 
minerals as water levels rose and came in contact with these deposits upstream 
from the sampling sites. The flushing of stagnant hyporheic waters containing 
high concentrations of dissolved Cu with increased water levels may also have 
had a significant role in the observed relationship between dissolved Cu 
concentrations and discharge, especially on March 20,1997.
Dissolved Mn does not appear to have any clear relationship with 
discharge at any of the sampling sites (Figs. 1 la-c). The lack of a relationship 
between dissolved Mn and discharge on the Blackfoot River suggests that 
dissolved Mn inputs are contributed at a rate which keeps pace with discharge 
and that dissolved Mn concentrations are not significantly effected by dilution.
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Varying Inputs of dissolved Mn and/or biogeochemical process in the upper Clark 
Fork system, similar to those controlling Cu concentrations, are the most likely 
explanations for the lack of a dissolved Mn-discharge relationship on the Clark 
Fork River above Milltown Reservoir. Because dissolved Mn does not behave 
conservatively within the Milltown system, the reason for the lack of a dissolved 
Mn/discharge relationship below Milltown Reservoir is possibly due to 
biogeochemical reactions releasing dissolved Mn from the reservoir system or 
groundwater input of dissolved Mn to the Clark Fork River between the reservoir 
and the Deer Creek Bridge site. This conclusion can be drawn because 
dissolved Mn concentrations are considerably greater in the Clark Fork River 
above Milltown Reservoir than in the Blackfoot River and the dilution of the 
higher Mn waters of the Clark Fork River by the waters of the Blackfoot River do 
not give even a general inverse relationship with discharge at the Deer Creek 
Bridge, in contrast to the conclusions for dissolved As.
Dissolved elements monitored by the study exhibited hysteretic behavior 
at each of the sampling sites with respect to discharge over the study period.
This leads to conclusions which suggest that the dissolved elements examined 
are subjected to different biogeochemical factors during different times of the 
year which may cause concentration levels to respond unpredictably to changes 
in flow rates. These factors appeared to be related to source controls which 
behave differently during the rising, peak and falling cycles of spring runoff. The 
presence of such phenomena would make the accurate prediction of the 
dissolved elements’ response to absolute discharge values in the system both 
difficult and suspect to significant error.
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The reason for the anomalously high dissolved concentrations for the 
elements of interest during the March 20,1997 and April 4, 1997 sampling 
events is hypothesized as being the result of the first significant runoff events of 
the season flushing accumulated dissolved elements from the rivers' hyporheic 
zones and/or the respective source areas for these elements (Figs. 4d,e,f - 
15d,e,f and Appendix IX). This hypothesis is supported by other studies showing 
similar behavior in rivers during spring runoff and storm events (Gessey et al., 
1984 and Sanden et al., 1997). Another possibility for these anomalously high 
dissolved concentrations is that the formation of soluble secondary minerals led 
to the dissolution and release of the elements associated with these minerals 
when rising ground and surface waters contacted them during this first significant 
runoff event. In either case, the elements released from these processes would 
then be mobilized to the water column and allowed to flow as a pulse until either 
the hyporheic zones were sufficiently flushed or the majority of the soluble 
secondary minerals were dissolved. This second hypothesis is also supported by 
other studies which illustrate similar processes occurring in both the Clark Fork 
River and other settings (Alpers et al., 1994, Eriksson and Destouni, 1997, and 
Nimick and Moore, 1991).
Mass balance calculations show that, of the elements chosen, only Mn 
behaves in a nonconservative manner within the study area. These results 
indicate that dissolved concentrations of As, Ba, Ca, K, Li, Mg, Na, S, Si, and Sr 
are not significantly affected by processes in the Milltown Reservoir system. The 
nonconservative behavior of dissolved Mn can be seen when Mn is attenuated 
on March 20,1997 and then released from the system on the rest of the
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sampling dates. Dissolved As may have also been released from the Milltown 
Reservoir system near the end of the study, but error associated with the 
calculated dissolved As concentrations slightly mask the difference between 
measured and calculated dissolved As concentrations. Because no significant 
change in the physical parameters pH and DO were observed, physio-chemical 
reactions within the sediments of Milltown Reservoir such as 
adsorption/desorption, oxidation-reduction, and dissolution-précipitation 
reactions were discounted as the major source of this behavior. The switching of 
the Clark Fork River between Milltown Reservoir and the Deer Creek Bridge 
sampling site from a losing to a gaining stretch of river is offered as another 
explanation for dissolved Mn (and possibly As) behavior. This would mean that 
the groundwaters in contact with the Clark Fork River between Milltown 
Reservoir and the Deer Creek Bridge contained Mn levels that were elevated in 
comparison to the waters of the Clark Fork River and that these waters were 
being released to the Clark Fork River both during and after runoff. Observed 
levels of elevated Mn and As in groundwater below and adjacent to Milltown 
Reservoir by other studies supports this conclusion. Estimations of Milltown 
Reservoir groundwater contributions to the Clark Fork River below Milltown 
Reservoir also support this conclusion by illustrating that a small amount of 
groundwater with mg/L levels of dissolved Mn is needed to produce the 
nonconservative behavior observed. Reasonable agreement between 
estimations of dissolved As concentrations and measured concentrations of 
dissolved As found in groundwaters of Milltown Reservoir also provide support 
for the input of Milltown Reservoir groundwater to the lower Clark Fork River.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
100
Further work may be warranted for using dissolved elemental ratios found 
in the groundwaters below Milltown Reservoir, in the alluvial aquifer adjacent to 
Milltown Reservoir, and in the Clark Fork River below Milltown Reservoir as a 
means to delineate the source of dissolved elements expected as being released 
from the Milltown system. Because no data was collected on dissolved element 
concentrations in the groundwater below Milltown Reservoir and the adjacent 
alluvial aquifer, these techniques were not employed by this study.
The question still remains as to whether the observed mass balance 
results are strictly a result of high flows in the region during 1997 or if similar 
results would also be observed in a more typical year with respect to runoff. 
Continued sampling with respect to these groundwaters and hydrologie 
investigation of the Clark Fork River and groundwaters below Milltown Reservoir 
would provide further evidence for this conclusion.
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Sample Name Dale Li6707 Mg2936 Mn2605 MO2020 Na3302 Ni2316 Pb2203 SÎ2124 Sr3464 V 3102 Zn2138
Units _____ pg/L m g /l P0/L pgn. m g /l p g / l P8/L mg/L pg/L pg/L pg/L
POL _____ 0 5 0.006 0.3 1 0.15 2 6 0.02 2 2 0 2
1
u s e s  T107- Given 193.00 ♦/- 28 00 2 1 0 » /- .260 45.00 ♦/-12.00 15 0 0 » /-3.80 20.70+/-2.20 28 1 0+ /-7  80 26.00+/-8.00 3 600 +/- .4680 61 .00+ /-8  00 14 0 0 + /-5 6 0 75.80 +/-19.80
u s e s  T107 7I2B7 193.06 1.921 40.14 12.63 20.81 22.74 2520 3395 5470 12.53 7141
USGS T107 7/2/97 197 68 1 939 40 57 12.65 21 02 23.05 25.00 3438 55.30 1251 7202
USGS T107 7/2/97 195 78 1.951 4059 12.68 21 03 22 95 25.50 3.419 55 20 12.34 71 72
USGS T107 7/2/97 194 74 1 946 4071 12.77 21 03 23.10 2470 3.427 55.20 1246 71.97
USGS T107 712197 196 60 1939 40 04 1236 2082 22.83 25.90 3365 54.10 12.27 70 56
US6ST107 772197 187 89 1894 4016 12.88 206 2277 24 30 3366 54.70 12.38 7160
USGS T107 7/2/97 19558 1 970 4109 1282 21 3 23.35 24.70 3 474 5580 12.83 73.15
USGS T107 7/2/97 197 45 1 958 4067 1257 2099 23.35 26.00 3 383 54.70 12.37 71 56
USGS T107 7/2/97 192 13 1 907 4033 12.82 2066 22.94 25.00 3.373 54.90 1244 71 81
07/02/97 Average 194 55 1,936 40 48 1269 2092 23.01 2514 3404 54.96 1246 71.76
USGS T107 713197 189 82 1 964 41 08 12.39 21 25 23 70 2660 3470 56.30 1223 72.93
USGS T107 713197 191 92 1.971 4162 12.83 21 45 24 17 26 00 3 532 57.00 1242 7387
USGS T107 713197 197 60 2 029 4281 12.82 21 94 2481 27.90 3658 5840 12 58 7553
USGST107 7/3/97 195 48 1.958 40 93 1223 21 06 23.99 26 40 3.420 5540 1201 71.89
USGS T107 7/3/97 199 13 1.971 4073 12.62 21.31 23.49 24.90 3454 55.60 1242 7269
USGS T107 713197 195 18 1.960 41.18 1267 21 24 23 93 25 70 3463 56.30 12.51 73.43
USGS T107 7/3/97 19510 1.930 4062 12.67 2100 23.50 24.70 3 441 55.90 1250 73.01
07/03/97 Average 194 89 1 969 41 28 12.60 21 32 23 94 26.03 3.491 56.41 12.38 73.34
USGS 107 7/16/97 1925 1.967 4096 1226 2129 23 65 25.4 3402 55.20 12.17 71.39
USGS T107 7/16/97 190 1 1870 38.64 11.58 202 22.4 229 3.183 56.00 11.60 67.22
USGS T107 7/16/97 1864 1 838 37 61 11.32 199 21.77 22.4 3125 54 80 11 38 66 04
07/16/97 Average 189 65 1.892 39.07 11.72 20.46 2261 23.57 3.237 55 33 11 72 68 22
USGS T107 7/17/97 191 72 1.964 40 99 1287 21.67 23.4 24.6 3479 55.80 12.10 72 67
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Sample Name Date Ag3280 AI3082 AS1890 Ba2335 Be2348 Ca3181 Cd2265 C02286 C/2677 Cu3247 Fe2399 K_7664
Units |ig/L ngrt- pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L m g /l
POL 0 8 3 5 1 0.05 0.005 0.5 0.5 1 0 3 5 01
USGS T107- Given 12 3 0 + /-4  40 220 00 +/- 90.00 10.80 +/- 4 20 192.00 +/- 22.00 11 0 0 + /-2  20 11.70+/-1.40 14.30+/-4.20 11 0 0 + /-2  80 13.00+/-4.20 30,00+/-4.60 52.00 +/-14.00 .840 +/- .300
USGS T107 7/17/97^ 1388 209.41 11 40 196 88 10.91 11.06 12.76 10.02 11.29 26.12 52 09 0.789
07/17/97 Average 13.73 206 93 11 50 194.91 10.77 10.93 1253 987 11 38 25.99 51 64 0778
USGS T107 7/25/97 13.15 21014 13.14 182.64 11.04 11.35 13 60 1040 11 72 27.35 53 32 0745
USGS T107 7/25/97 13 06 20610 11.90 181.90 10.94 11.08 13.30 1026 11.87 27 17 5321 0.750
USGS T107 7/25/97 1011 204 20 1260 182.30 10.83 10.56 12 51 10.14 11 83 26.52 53 05 0762
07/25/97 Average 1211 20681 12.55 182 28 10.94 11.00 13.14 10.27 11.81 27 01 5319 0.753
USGS T107 7/29/97 10.35 208 80 1250 184 10 11 12 11.05 12 97 10.77 11.73 27.24 55.24 0.790
USGS T107 7/29/97 1016 207.30 11 30 177 90 1092 1089 1278 10.41 11.20 26 69 53.24 0772
USGS T107 7/29/97 10.03 212.80 1200 179.20 11.21 11.09 1306 1084 12.26 27.77 57.13 0813
USGST107 7/29/97 980 211 00 11 30 173.80 11.01 10.86 12.77 10.52 11.72 27 30 55 05 0.820
USGS T107 7/29/97 9 79 206.60 11 00 172.40 1083 10.57 12 39 10.42 11.72 27.02 5515 0789
USGS T107 7/29/97 988 210 90 11 40 179.70 10.98 10.74 12 54 10.44 11.69 27.38 65.1 0 807
USGS T107 7/29/97 969 211 90 11 40 174 80 1092 1078 12 65 1025 11.15 27.00 53.9 0 807
USGS T107 7/29/97 9 85 208.30 11 50 177 50 1087 10.56 12.38 10.29 11,70 27.10 54 52 0787
USGS T107 7/29/97 9 98 207 80 11.10 181 50 11.01 10.69 12.55 1050 12.09 27.04 56 01 0813
07/29/97 Average 995 20949 11 50 177 88 10.99 10.80 1268 10.49 11.70 27.17 5504 0.800
USGS T107 7/30/97 1008 207.80 11 40 181 80 1076 10.87 12.74 10.27 11.26 26 54 53.35 0.768
USGS T107 7/30/97 1010 207.50 1230 182.00 10.75 1083 1265 1020 11.31 26 45 53.40 0752
USGS T107 7/30/97 1007 206.50 10.70 17970 10.67 1070 12.47 10.14 1109 2622 53.05 0.765
USGS T107 7/30/97 10.03 206.00 1200 179 20 10.67 10.69 12.54 10.06 11 12 2614 52 65 0.764
USGS T107 7/30/97 1004 20800 1220 17820 10.83 10.74 12.74 10.48 11.71 26,87 55 11 0768
USGS T107 7/30/97 998 209.40 12.10 179.10 1092 10.73 1273 10.46 11 88 27 21 55.49 0.775
07/30/97 Average 1005 207.53 11 78 180 00 1077 10.76 12.65 1027 11.40 26.57 53.84 0 766
Moan % Recovery 103% 94% 107% 97% 97% 93% 87% 91% 87% 88% 101% 91%
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Sample Name Dale 116707 Mg2936 Mn2605 MO2020 Na3302 NÎ2316 Pb2203 SI2124 Sr3464 V  3102 Zn2138
Units pg/L mg/L pgfl- pg/L mg/L pg/L pg/L m g /l pg/L pg/L pg/L
PQL 0 5 0006 0.3 1 0 1 5 2 6 002 2 2 0 2
USGS T107- Given 193 0 0 + /-2 8  00 2.10+/-.260 4 5 0 0 + /-1 2  00 15.00+/-3  80 20.70 +/- 2 20 28.10+/-7  80 26.00 +/- 8 00 3.600 +/- .4660 61 00+ /-8 .00 14 00 +/- 5.60 75.80 +/- 19 80
USGS T107 7/17/97 198 55 2.005 4219 1314 22.01 2426 251 3564 57.10 12.14 7390
07/17/97 Average 195 14 1.985 41 59 1301 21.84 23.83 24.85 3522 56.45 12 12 7329
USGS T107 7/25/97 192 0 1.995 43 07 12 858 21.05 24.822 27.340 3.458 54.87 1260 7489
USGS T107 7/25/97 19060 1.973 42 37 12 870 2079 24.120 25.900 3 436 54 44 1245 74 38
USGS T107 7/25/97 195 80 1 963 42.31 13.150 2086 24050 25600 3368 54 23 12 37 71.39
07/25/97 Average 192.79 1.977 42 58 1296 2090 2433 2628 3421 54 51 1247 7355
USGS T107 7/29/97 200.1 2.008 4362 1336 21.50 24.65 2500 3402 5580 12 88 71.60
USGS T107 7/29/97 198 1.994 42 70 129 21.18 24.37 26 00 3.327 54,47 12 64 70 07
USGS T107 7/29/97 209 2.010 43 88 13 83 21.37 25.18 25 00 3.274 5626 1319 69 96
USGS T107 7/29/97 2136 1.997 4297 13 42 21.14 2481 24.60 3.203 5468 1287 68 07
USGS T107 7/29/97 2044 1965 42.09 1341 20.77 24.27 2360 3.158 53 99 1271 67.29
USGST107 7/29/97 208.6 2.000 42.70 13.43 21.17 24.41 24.60 3196 54 71 1281 70 25
USGS T107 7/29/97 213 5 2 005 4244 12 93 21.01 24.78 25.00 3.143 53.78 1245 68 87
USGS T107 7/29/97 2037 1 984 42 16 1319 20 94 24.14 24.00 3169 53.74 12 76 69 42
USGST107 7/29/97 2061 1.979 4264 13 63 20 87 2449 2480 3.186 54.65 1283 70 53
07/29/97 Average 206 33 1.994 42 80 1334 21.11 2457 24.73 3229 5468 1279 69 56
USGS T107 7/30/97 1991 1.963 42 10 12 84 20 91 2428 248 3.368 53.26 12 45 71.07
USGS T107 7/30/97 194.1 1.963 42.02 1277 20.88 24.2 25.1 3 361 5320 1244 71.05
USGS T107 7/30/97 198 1 1 949 41.55 1267 2073 2392 24.8 3329 5280 1228 70.42
USGS T107 7/30/97 1979 1.945 41,50 12 49 20.63 24.04 25.2 3.321 52.60 1230 70.31
USGS T107 7/30/97 1968 1 960 42 39 13.32 2093 24.58 25.1 3295 54 22 1279 69 58
USGS T107 7/30/97 1984 1.979 4256 13 42 21.04 2488 25.2 3.264 54 24 1282 69 59
07/30/97 Average 197 40 1 960 4202 1292 2085 2432 25 03 3.323 5339 1251 70.34
Mean % Recovery 101% 93% 92% 85% 102% 85% 97% 94% 90% 88% 94%
Mean % Recovery (all elements) = 93%
rds (ICAPES)
Appendix II - External Standards (HGAAS)
Sample Name Date Given As Cone. (pg/L) Meas. As Cone. (pg/L) Mean % Recovery
USGS T119 4/10/97 4.22 +/-0.57 4.22 100%
USGST119 4/10/97 4.22 +/-0.57 4.09 97%
USGS T119 4/10/97 4.22 +/- 0.57 4.06 96%
USGS T119 4/10/97 4.22 +/- 0.57 3.99 95%
4/10/97 Average 4.09 97%
USGS T i l 9 6/10/97 4.22 +/- 0.57 4.19 99%
USGS T119 6/10/97 4.22 +/- 0.57 4.14 98%
USGS T119 6/10/97 4.22 +/- 0.57 4.07 96%
6/10/97 Average 4.13 98%
USGS 1119 7/9/97 1 4.22 +/- 0.57 3.85 91%
USGS 1119 8/10/97! 4.22+/-0.57 3.86 91%
Mean % recovery for all USGS T-119 94%
i
USGS 1107 4/10/97 10.8+/-2.10 11.80 109%
USGS T107 4/10/97 10.8+/-2.10 11.90 110%
USGS 1107 4/10/97 10.8+/-2.10 11.80 109%
USGS T107 4/10/97 10.8+/-2.10 11.40 106%
4/10/97 Average 11.73 109%
USGS T107 6/10/97 10.8+/-2.10 9.22 85%
USGS 1107 7/9/97 10.8 +/-2.10 10.70 99%
USGS 1107 8/10/97 10.8+/-2.10 10.98 102%
Mean % recovery for all USGS T107 99%
112
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Sample Spikes (ICAPES)
Spike added________
% recovery of spike__
040697 DCB-3 
040697 DCB-3 SPIKE
Sample Name
Units
PQL
032097 TB-1
032097 TB-1 SPIKE
Spike added 
% recovery o( spike
032C»7 BF-2
032097 BF-2 SPIKE
Spike added
% recovery of spike
0 4 2 3 ^  B F-2______
042397 BF-2 SPIKE
Spike added 
% recovery of spike
042397 TB 2 
042397 TB-2 SPIKE
Spike added
% recovery o f spike
051297 BF-3
051297 BF-3 SPIKE
Spike added_______
% recovery of spike
Date
70/97
70/97
7/3/97
7/17/97
7/3/97
7/16/97
7/3/97
7/3/97
7/3/97
7/16/97
7/17/97
Ba233S
Mg/L
54.25
24083
200.00
96.00
135 92
317 16
200 00
97.42
115 17
297.97
200 00
97.16
12431
306.50
200 00 
97.31
68 23
260 89
200 00
99.74
107.49
305 93
200 00
104.59
Ca3181
mg/L
0005
30 64
47 99
2000
102.07
2372
40 93
20.00
97 91
3451
50 36
20 00
9651
20 55
38 04
20 00
97 73
2864
45.98
20 00
101.02
1931
37 08
20.00
98.51
Cd2265
Pg/L
0 5
0 20
875
1000
87 50
-001
846
10.00
84 60
004
868
10 00
86 80
0 05
864
10 00 
66.40'^
0.11
9.01
10.00
90.10
001
885
10.00
88.50
Cr2677
Pg/L
0 9 9
9.30
10.00
93.00
1.09
9.26
10.00
82.79
087
9.47
1000
94.70
0 78
924
1000
9240
1.15
9 8 9
1000
88.55
0 54
9.43
10.00
94 30
Cu3247
Pg/L
0.3
1598
3541
20.00
10514
0 8 5
2063
2000
99 33
2 3 2
2261
20 00
102.61
0.74
21 70
2000
10517
5.37
27 15
2000
111 59
0 8 9
21.26
2000
102.30
Fe2399
pg/L
159.09
134 37
20.00
-44 06
2106
37.81
2000
94.28
41.53
5594
2000
92.82
5602
7392
20.00
11751
129.36
138.29
20.00
109.33
27.78
51.58
2000
132.89
K 7664 Mg2936 Mn2605 Na3302 NI2316 Pb2203 202138
m g /l mg/L pg/L mg/L pg/L
0.1 0006 0.3 0 15
4.36 8.29 23 60 9.18 010
6.13 12 r 29.87 1864 16.54
2.00 5 0 0 1000 10.00 20 00
110.28 99 51 86 30 103.63 82.70
1 23 8 9 0 7.76 458 -033
304 1286 1547 1432 1617
2.00 5.00 1000 1000 20.00
96.49 97.09 84 86 101.94 80 85
1 97 1100 15.37 802 -031
367 1446 2204 17.30 1649
2.00 5 00 1000 1000 20 00
94 65 91 20 82 07 100 84 82 45
0.98 7 26 3 14 3.48 -001
2.89 11 52 11.43 13.48 16.25
2.00 5 00 10.00 1000
100 51 9974 86.04 103.52
20.00 
81 25
1.93 7.87 8.30 688 0.06
382 1208 16.41 1673 16.89
2.00 5.00 1000 1000 20.00
104.26 99.98 89 40 10536 84.45
0.68 6 14 3 7 8 2.10 0 19
2.73 11 03 12.77 1295 17.16
2.00 5.00 1000 1000 20.00
10564 110.10 93 68 110.63 85.80
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-0 80
8380
80.00
104,75
1 40
82 40
8000
10300
000
84 30
80 00
10538
0 50
83.50
80.00 
104 38
0.70
86.60
80.00
108.25
0.20
86 40
80.00
108.00
Pg/L
0 2
6 4 3
26 38
20.00
10297
1 30
21.27
2000
100.50
9.63
28.10
20.00
97.17
-Oil
21.25
20 00 
10625 '
506
24.98
20.00
102.13
-040
20.56
20.00
102.80
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Sample Spikes (ICAPES)
Sample Name Date Ba233S C a 3 ie i Cd2265 Cf2677 Cu3247 Fe2399 K 7664 Mg2936 Mn2605 Na3302 NI2316 Pb2203 Zn2138
Units --------- Mg/L mg/L M«/L MB'L pg/L mg/L mg/L Mg/L mg/L Mg/L Mg/L Mg/L
POL
--------------
1 0005 0.5 1 0.3 S 0.1 0006 0.3 0.15 2 6 0,2
051297 T B ^ 7/16/97 50.72 2024 0.11 0.69 6.18 33 64 1.48 5.17 11.25 4 7 3 -005 0.00 1.79
051297 TB-4 SPIKE 7/17/97 254 S3 37 87 8 93 981 26.32 55.38 3 5 5 10.08 2012 1560 17.10 85.50 24.21
Spike added 20000 2 000 1000 1000 20.00 20.00 2 0 0 5.00 10 00 1000 2000 80.00 2000
% recovery of spike
7/25/97
104.44 98 27 89 30 98.10 10379 125.52 111 24 108.52 99.95 113.40 85.50 106 88 113.00
052097 TB-1 38 38 17.55 0.08 0.62 861 4949 1 39 4.37 15.92 3.69 -0 05 1 40 4 68
052097 TB-1 SPIKE 7/29/97 187 80 32.49 827 921 2876 69.70 344 8.57 23.08 1293 1636 7550 24.57
Spike added 200.00 20 00 10.00 10.00 2000 2000 2.00 5.00 1000 1000 20 00 8000 2000
% recovery of spike 76,63 1 83 48 82.73 92.13 105 06 125 80 109 53 92 68 87.52 96 08 81.80 94 38 101.81
052097 DCB-3 7/25/97 67 91 17.43 -0.04 0 6 2 366 21.88 0.99 526 1425 2 2 9 -0.12 1.44 048
052097 DCB-3 SPIKE 7/29/97 22360 34.70 8 4 5 9.40 2475 4242 3.11 996 2277 12.18 17 23 7600 1941
Spike added 200.00 2000 10.00 1000 20 00 20.00 2.00 5.00 10.00 10.00 20 00 80 00 2000
% recovery of spike 81 24 95.07 84 46 94.01 107.30 11364 111.07 104.57 9945 101 17 86.15 97.50 94 89
060497 BF-1 7/25/97 99 74 17.31 -0.16 0 6 6 0.52 2213 057 6.09 306 1.36 -014 1.17 024
060497 BF-1 SPIKE 7/29/97 257.50 35.35 8 6 0 919 21 55 42.40 2.58 1063 11.94 11.14 17.33 78.80 20.08
Spike added
-
20000 2 000 10.00 10.00 20.00 20.00 2.00 5.00 1000 1000 2 00 0 80 00 20 00
% recovery of spike 83 87__ 98 86 86 03 91 91 10541 112 42 103.64 102.94 91 83 9921 86.65 98.50 99.30
060497 DCB-2 7/29/97 75.58 1942 -029 0.17 4 5 5 21.26 0 97 678 12.52 2.50 -0.10 0 6 6 047
060497 DCB-2 SPIKE 7/29/97 22970 35.54 8.51 915 25.19 40.04 2 97 1005 1991 12.11 17.28 7880 20.35
Spike added 200 00 20.00 1000 1000 20.00 2000 2.00 5.00 10.00 1000 20.00 80 00 20.00
% recovery of spike 80.84 90.31 85.05 91.52 10546 104 53 104.72 96,98 86.42 96.63 86.40 9 850 99.64
062597 BF-3 7/29/97 14020 23.21 -0 33 0.28 041 16.40 0.64 8.34 2.49 1.73 -028 1.87 -0.39
062597 BF-3 SPIKE 7/29/97 296 50 39.66 8 83 9.58 21 92 36.71 2.75 12.40 11 53 1169 17.73 81 60 20.35
Spike added
-------------
20000 20.00 10.00 10.00 20.00 20 00 2 0 0 5.00 1000 10.00 20 00 80.00 20 00
% recovery of spike 85.16 9386 88.32 95.76 107.74 10975 108 62 97 81 92.89 101.33 88 65 102 00 101 75
- -  —
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Sample Name Dale Ba2335 Ca318l Cd226S Cf2677 Cu3247 Fe2399 K_7664 Mg2936 Mn260S Na3302 Ni2316 Pb2203 Zn2138
Units f*g/L mg/L Pg/L pg/L pg/L Pg/L mg/L mg/L Pg/L mg/L Pg/L Pg/L pg/L
PQL 1 0.005 0 5 1 0 3 5 0.1 0006 0 3 0.15 2 6 0 2
062597 TB-3 7/29/97 48.15 27.68 -018 0 3 4 7.38 2233 1.73 7.16 25 20 5.37 -0.26 1.79 1.17
062597 TB-3 SPIKE 7/29/97 209.00 43.76 842 9.37 27 85 41.64 366 11.45 32 20 14.83 1693 7840 21 19
Spike added 200 00 20 00 1000 1000 20 00 20 00 200 500 1000 1000 20 00 go 00 20 00
% recovery of spike 82 83 94 24 84 20 90 64 106.03 107.72 10521 10016 95.20 100 02 84.65 95.99 100.71
072497 TB-1 7/30«7 62 39 35.41 -0.23 0 47 533 1887 2 13 9 1 9 11.19 6.93 -0.06 1.00 0 26
072497 TB-1 SPIKE 7130197 210.80 48.65 8 1 6 9.08 25.10 36.60 386 13.05 1849 15.97 1638 7 910 19.59
Spike added 200 00 20 00 1000 1000 20 00 20 00 200 500 1000 1000 2000 80.00 20.00
% recovery of spike 77.32 8391 81.64 8664 101.51 98.09 97 21 95 67 8419 97.34 81.90 97.75 96 80
072497 F B ^ 7130197 109 80 31 25 -021 ^ 0 . 4 7 3.16 15.41 1.51 9 7 4 990 4.78 -0.10 0 87 -019
072497 FB-4 SPIKE 7/30«7 259 20 4576 8 3 3 9 0 9 23 21 33.97 3 33 1342 17 44 14.02 1663 80 50 19.34
Spike added 200.00 20.00 10.00 10.00 20 00 20 00 2 00 5 0 0 1000 10.00 2000 80.00 2000
% recovery of spike 8019 88 18 83.34 90 90 10182 100 51 98 83 93.01 85 31 97.15 83 15 100 63 96 70
Mean % recov of spikes 90% 95% 86% 92% 105% 100% 104% 99% 90% 102% 84% 102% 101%
Mean % recov of spikes (all elements) = 97%
BF = Blackfoot River at Swinging Bridge
TB = Clark Fork River at Turah Bhdge
DOB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
en
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Sample Spikes (HGAAS)
Sample Name PQL (pg/L) Date As added (pg/L) Sample As Cone. (pg/L) Spiked As Cone. (pg/L) % recovery
032097 BF-4 0.40 4/10/97 2 1.07 2.69 81%
040697 BF-4 0.40 4/10/97 2 105 3.05 100%
USGS T119 0.40 4/10/97 2 3,99 5.54 78%
Mean %rec. 4/10/97 86%
042397 BF-1 0.40 6/10/97 2 1.02 3.04 98%
042397 BF-3 0.40 6/10/97 2 1.04 3 95%
051297 BF-2 
051297 FB-1
0.40 6/10/97 2 0.74 2.99 110%
0.40 6/10/97 2 2.81 4.84 97%
052097 DCB-4 0.40 6/10/97 2 3.14 4.98 87%
060497 BF-1 0.40 6/10/97 2 0.91 3.03 103%
060497 BF-3 0.40 6/10/97 2 0.82 2.89 101%
060497 DCB-4 0.40 6/10/97 2 3.76 5.47 80%
USGS T i l 9 0.40 6/10/97 2 4.19 6.04 86%
Mean % rec. 6/10/97 95%
062597 BF-4 0.40 7/9/97 2 0.83 2.88 100%
Mean % rec. 7/09/97 100%
072497 BF-1 0.40 8/20/97 2 0.92 3.23 112%
072497 DCB-2 0.40 8/20/97 2 5.43 7.35 89%
Mean % rec. 8/20/97 100%
Mean % rec. for all As spikes 95%
BF = Blackfoot River at Swinging Bridge
TB = Clark Fork River at Turah Bridge
DCB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
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Sample Name Date Ag3280 AI3082 AS1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664
Units --------- pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L
PQL --------- 0.80 3.00 5.00 1.00 0.05 0.01 0.50 0.50 1.00 0.30 5.00 0.10
032097 DCB-2 7/3/97 0.48 114.27 7.60 79.45 0.01 32.24 0.13 -0.07 1.33 12.14 97.43 3.43
032097 DCB-2 Dup 7/3/97 0.38 118.87 7.80 82.62 0.00 32.40 0.11 0.05 1.23 12.25 97.75 3.52
Average BDL 116.57 7.70 81.04 BDL 32.32 BDL BDL 1.28 12.20 97.59 3.47
% dlff of duplicates NA 3.95 2.60 3.91 NA 0.50 NA NA 7.81 0.90 0.33 2.79
032097 BF-4 7/17/97 0.35 138.67 -0.30 145.91 0.01 24.40 -0.01 0.05 1.10 0.81 103.39 1.24
032097 BF-4 Dup 7/3/97 0.41 141.16 0.50 148.10 0.01 24.93 0.08 -0.05 1.22 0.96 97.00 1.27
Average BDL 139.92 BDL 147.01 BDL 24.67 BDL BDL 1.16 0.89 100.20 1.25
% diff of duplicates NA 1.78 NA 1.49 NA 2.15 NA NA 10.34 16.95 6.38 1.91
040697 TB-2 7/3/97 0.52 1.46 4.40 75.15 0.00 42.57 0.23 -0.16 1.07 3.66 13.97 2.38
040697 TB-2 Dup 7/3/97 0.49 1.40 4.70 75.53 0.00 42.06 0.15 -0.10 1.13 3.77 13.99 2.41
Average BDL BDL BDL 75.34 BDL 42.32 BDL BDL 1.10 3.72 13.98 2.39
% diff of duplicates NA NA NA 0.50 NA 1.21 NA NA 5.45 2.96 0.14 1.13
042397 BF-2 7/16/97 0.36 60.28 0.30 124.31 0.01 20.55 0.05 0.04 0.78 0.74 56.02 0.98
042397 BF-2 DUP 1 7/3/97 0.32 70.21 0.10 122.67 0.01 21.02 0.08 -0.17 1.05 1.37 57.47 0.99
Average BDL 65.25 BDL 123.49 BDL 20.79 BDL BDL BDL 1.06 56.75 0.98
% diff of duplicates NA 15.22 NA 1.33 NA 2.26 NA NA NA 59.72 2.56 0.90
042397 TB-2 7/3/97 0.40 226.62 4.20 68.23 0.02 28.64 0.11 -0.08 1.15 5.37 129.36 1.93
042397 TB-2 DUP 7/3/97 0.31 175.45 4.20 68.56 0.02 28.12 0.04 -0.03 1.23 5.30 114.13 1.90
Average BDL 201.04 BDL 68.40 BDL 28.38 BDL BDL 1.19 5.34 121.75 1.91
% diff of duplicates NA 25.45 NA 0.48 NA 1.83 NA NA 6.72 1.31 12.51 1.88
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Sample Name Date LI6707 Mg2936 Mn2605 MO2020 Na3302 Ni2316 Pb2203 8 1807 Si2124 Sr3464 Ti3234 V_3102 Zn2138
Units --------- F9/L mg/L mq/l pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL 0.50 0.01 0.30 1.00 0.15 2.00 6.00 0.01 0.02 2,00 2.00 2.00 0.20
032097 DCB-2 7/3/97 6.81 9.21 18.09 1.02 9.24 0.07 2.10 10.88 6.87 133.20 2 90 1.36 5.30
032097 DCB-2 Dup 7/3/97 6.99 1 9.32 18.15 1.00 9.35 0.08 0.60 11.05 7.00 134.00 3.01 1.40 5.17
Average 6.90 9.27 18.12 1.01 9.29 BDL BDL 10.97 6.94 133.60 2.96 BDL 5.24
% diff of duplicates 2.61 1.23 ^ 0.33 1.98 1.19 NA NA 1.55 1.80 0.60 3.72 NA 2.48
032097 BF-4 7/17/97 3.73 9.18 9.09 0.60 4.81 -0.32 -0.10 2.32 6.11 69.40 3.99 0.42 3.30
032097 BF-4 Dup 7/3/97 4.00 9.18 8.96 0.44 4.74 -0.03 0.90 2.30 6.12 68.70 3.08 0.55 2.99
Average 3.87 9.18 9.03 BDL 4.78 BDL BDL 2.31 6.11 69.05 3.54 BDL 3.15
% diff of duplicates 6.99 0.02 1.44 NA 1.30 NA NA 0.91 0.11 1.01 25.74 NA 9.86
040697 TB-2 7/3/97 8.89 11.29 11.83 1.22 9.61 0.04 1.60 16.76 8.47 180.50 0.25 1.03 1.17
040697 TB-2 Dup 7/3/97 8.98 11.43 11.83 1.18 9.72 -0.10 2.60 17.05 8.56 180.60 0.26 1.03 1.20
Average 8.94 11.36 11.83 1.20 9.67 BDL BDL 16.91 8.52 180.55 BDL BDL 1.19
% diff of duplicates 1.01 1.23 0.00 3.33 1.19 NA NA 1.72 1.05 0.06 NA NA 2.53
042397 BF-2 7/16/97 2.72 7.26 3.14 0.11 3.48 -0.01 0.50 2.32 5.71 58.60 1.88 0.48 -0.11
042397 BF-2 DUP 7/3/97 2.80 7.31 3.15 0.16 3.54 0.12 1.10 2.22 5.82 58.10 2.12 0.87 3.79
Average 2.76 7.28 3.15 BDL 3.51 BDL BDL 2.27 5.77 58.35 BDL BDL 1.84
% diff of dupiicates 2.90 0.69 0.32 NA 1.71 NA NA 4.19 1.87 0.86 12.00 NA 211.96
042397 TB-2 7/3/97 6.01 7.87 8.30 0.86 6.88 0.06 0.70 10.43 8.26 121.20 4.34 1.00 5.06
042397 TB-2 DUP 7/3/97 6.82 7.69 8.16 0.96 6.81 -0.15 0.50 10.37 8.13 120.90 3.19 1.41 5.00
Average 5.92 7.78 8.23 BDL 6.84 BDL BDL 10.40 8.20 121.05 3.77 BDL 5.03
% diff of duplicates 3.21 2.28 1.70 NA 1.13 NA NA 0.58 1.49 0.25 30.54 NA 1.19
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Sample Name Date Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664
Units M9/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L
PQL ————————— 0.80 3.00 5.00 1.00 0.05 001 0.50 0.50 1.00 0.30 5.00 0.10
051297 BF-3 7/16/97 0.49 15.74 0.40 107.49 0.01 19.31 0.01 -0.11 0.54 0.89 27.78 0.68
051297 BF-3 DUP 7/17/97 0.28 28.33 0.40 ^ 120.40 0.00 19.21 -0.12 0.07 0.60 0.70 35.94 0.74
Average BDL 22.04 BDL 113.95 BDL 19.26 BDL BDL BDL 0.80 31.86 0.71
% diff of duplicates NA 57.14 NA 11.33 NA 0.52 NA NA NA 23.90 25.61 7.83
051297 TB-4 7/16/97 0.48 1 20.84 5.70 50.72 0.01 20.24 0.11 -0.07 0.69 6.18 33.64 1.48
051297 TB-4 DUP 7/17/97 0.28 27.99 5.50 56.89 0.01 20.21 -0.03 0.14 0.79 1 5.93 39.65 1.60
Average BDL 24.42 5.60 53.81 BDL 20.23 BDL BDL BDL 6.06 36.65 1.54
% diff of duplicates NA 29.29 3.57 11.47 NA 0.15 NA NA NA 4.13 16.40 7.81
052097 BF-2 7/25/97 0.62 7.43 1.15 94.09 0.00 19.15 -0.10 -0.02 0.60 0.78 19.52 0.79
052097 BF-2DUP 7/25/97 0.63 6.91 0.76 95.02 0.00 18.93 -0.03 0.08 0.61 0.82 19.73 0.80
Average BDL 7.17 BDL 94.56 BDL 19.04 BDL BDL BDL 0.80 19.63 0.79
% diff of duplicates NA 7.16 NA 0.98 NA 1.16 NA NA NA 5.22 1.07 0.66
052097 TB-4 7/25/97 0.62 9.92 6.89 37.36 0.01 16.87 0.06 -0.08 0.65 7.82 26.84 1.37
052097 TB-4DUP 7/25/97 0.60 9.90 7.11 37.21 0.01 16,65 -0.03 0.04 0.69 7.81 26.54 1.37
Average BDL 9.91 7.00 37.29 BDL 16.76 BDL BDL BDL 7.82 26.69 1.37
% diff of duplicates NA 0.23 3.14 0.40 NA 1.31 NA NA NA 1 0.09 1.12 0.07
060497 FB-2 7/29/97 0.69 7.62 6.00 72.60 0.00 18.76 -0.29 0.09 0.10 4.33 18.34 0.96
060497 FB-2 DUP 7/29/97 0.66 7.27 3.86 69.65 0.00 18.46 -0.30 0.10 0.22 4.37 18.56 0.98
Average BDL 7.44 BDL 71.13 BDL 18.61 BDL BDL BDL 4.35 18.45 0.97
% diff of duplicates NA 4.80 NA 4.15 NA 1.61 NA NA NA 0.87 1.19 2.54
062597 BF-4 7/29/97 0.70 4.88 0.33 140.40 0.00 23.50 -0.31 -0.02 0.21 0.40 16.33 0.65
062597 BF-4 DUP 7/29/97 0.69 4.98 0.00 141.60 0.00 23.55 -0.25 0.02 0.27 0.41 16.42 0.66
Average BDL 4.93 BDL 141,00 BDL 23,53 BDL BDL BDL 0.40 16.38 0.66
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1 Sample Name Date Li6707 Mg2936 Mn2605 Mo2020 Na3302 NÎ2316 Pb2203 S 1807 Si2124 Sr3464 Ti3234 V 3102 Zn2138
Units pg/L mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L rng/L pg/L
PQL 0.50 0.01 0.30 1.00 0.15 2.00 6.00 0.01 0.02 2.00 2.00 2.00 0.20
051297 BF-3 7/16/97 1.76 6.14 3.78 0.09 2.10 0.19 0.20 1.24 4.12 45.20 0.51 0.43 -0.40
051297 BF-3 DUP 7/17/97 1.79 6.51 4.10 0.28 2.28 -0.36 0.90 1.39 4.65 46.80 1.04 0.31 0.53
Average 1.78 6.32 3.94 BDL 2.19 BDL BDL 1.32 1 4.39 46.00 BDL BDL BDL
% diff of duplicates 1.69 5.82 8.12 NA 8.23 NA NA 1132 12.18 3.48 NA NA NA
051297 TB-4 7/16/97 3.85 5.17 11.25 0.52 4.73 -0.05 0.00 6.38 6.78 83.20 0.75 0.87 1.79
051297 TB-4 DUP 7/17/97 4.02 5.52 12.38 0.99 5.17 -0.47 0.30 ^ 7.00“ 1 7.63 85.60 1.06 0.84 3.23
Average 3.94 ^ 5.34 11.82 BDL 4.95 BDL BDL 6.69 7.20 84.40 BDL BDL 2.51
% diff of duplicates 4.32 6.44 9.56 NÂ 8.83 NA NA 9.34 11.79 2.84 NA NA 57.37
052097 BF-2 7/25/97 1.65 6.20 3.57 -0.07 1.61 -0.09 1.24 1.14 4.13 40.95 0.36 0.21 0.08
052097 BF-2DUP 7/25/97 1.67 6.17 3.58 0.08 1.58 -0.09 0.67 1.17 4.15 41.20 0.35 0.20 0.08
Average 1.66 6.18 3.57 BDL 1.60 BDL BDL 1.15 4.14 41.08 BDL BDL BDL
% diff of duplicates 1.14 0.58 0.34 NA 1.63 NA NA 2.43 0.46 0.61 NA NA NA
052097 TB-4 7/25/97 3.20 4.25 12.93 0.71 3.68 -0.26 0.96 5.15 6.51 64.32 0.29 0.67 2.23
052097 TB-4DUP 7/25/97 3.20 4.22 12.83 0.79 3.65 -0.13 1.59 5.16 6.47 63.83 0.29 0.74 2.24
Average 3.20 4.23 12.88 BDL 1 3.67 BDL BDL 5.16 6.49 64.08 BDL BDL 2.23
% diff of duplicates 0 09 0.78 0.78 NA 0.90 NA NA 0.27 0.52 0.76 NA NA 0.67
060497 FB-2 7/29/97 2.60 5.67 11.64 0.56 2.65 -0.19 0.37 3.09 4.81 56.99 0.23 0.41 -0.16
060497 FB-2 DUP 7/29/97 2.71 5.62 11.51 0.50 2.66 -0.23 1.06 2.98 4.60 56.51 0.24 0.54 -0.11
Average 2.66 5.65 11.58 BDL 2.65 BDL BDL 3.03 4.70 56.75 BDL BDL BDL
% diff of duplicates 4.14 0.96 1.12 NA 0.15 NA NA 3.79 4.42 0.85 NA NA NA
062597 BF-4 7/29/97 2.55 8.44 2.51 0.11 1.77 -0.08 1.22 1.25 4.11 54.89 0.12 0.22 1.01
062597 BF-4 DUP 7/29/97 2.59 8.43 2.53 0.06 1.80 -0.27 1.77 1.27 4.13 55.19 0.11 0.26 1.02
Average 2.57 8.44 2.52 BDL 1.78 BDL BDL 1.26 4.12 55.04 BDL BDL 1.02
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Sample Name Date Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664
Units pg/L f»g/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L
PQL --------- 0.80 3.00 5.00 1.00 0.05 0.01 0.50 0.50 1.00 0.30 5.00 0.10
% diff of duplicates NA 1.93 NA 0.85 NA 0.21 NA NA NA 2.62 0.55 2,31
062597 FB-3 7/29/97 0.85 6.19 5.17 93.17 -0.01 25.27 -0.25 -0.03 0.42 4.12 18.55 1.18
062597 FB-3 DUP 7/29/97 0.79 6.33 4.78 92.05 0.00 25.25 -0.24 0.12 0.35 4.12 17.90 1.18
Average 0.82 6.26 BDL 92.61 BDL 25.26 BDL BDL BDL 4.12 18.23 1.18
% diff of duplicates 6.28 2.35 NA 1.21 NA 0.08 NA NA NA 0.15 3.57 0.00
062597 TB-1 7/29/97 0.80 6.58 11.10 48.07 0.00 27.73 -0.19 0.08 0.39 7.51 20.82 1.74
062597 TB-1 DUP 7/29/97 0.82 6.52 10.30 48.01 0.00 27.76 -0.24 0.09 0.37 7.49 20.18 1.72
Average 0.81 6.55 10.70 48.04 BDL ' 27.75 BDL BDL BDL 7.50 20.50 1.73
% diff of duplicates 2.89 0.99 7.48 0.12 NA 0.11 NA NA NA 0.19 3.12 1.16
072497 TB-1 7/30/97 0.89 3.41 12.30 62.39 0.00 35.41 -0.23 -0.06 0.47 5.33 18.87 2.13
072497 TB-1 DUP 7/30/97 0.86 3.00 12.60 59.37 0.00 33.78 -0.16 0.10 0.54 5.37 18.52 2.09
Average 0.87 3.20 12.45 60.88 BDL 34.60 BDL BDL BDL 5.35 18.70 2.11
% diff of duplicates 2.96 12.71 2.41 4.96 NA 4.71 NA NA NA 0.64 1.87 1.94
072497 BF-1 7/30/97 0.76 1.47 1.81 173.60 0.00 27.69 -0.30 -0.06 0.51 0.33 12.45 0.75
072497 BF-1 DUP 7/30/97 0.72 2.23 1.38 166.60 0.00 27.25 -0.19 0.08 0.40 0.33 12.30 0.77
Average BDL BDL BDL 170.10 BDL 27.47 BDL BDL BDL 0.33 12.38 0.76
% diff of duplicates NA NA NA 4.12 NA 1,60 NA NA NA 2.12 1.21 1.60
Mean % diff. on dup icates NA 12.54% 3.84% 3.15% NA 1.29% NA NA 7.58% 8.12% 5.18% 2.30%
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Sample Name Date LI6707 Mg2936 Mn2605 MO2020 Na3302 NI2316 Pb2203 8 1807 Si2124 Sr3464 TI3234 V 3102 Zn2138
Units
PQL__________
% diff of duplicates
---------
pg/L mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
0.50 0.01 0.30 1.00 0.15 2.00 6.00 0.01 0.02 2.00 2.00 2.00 0.20
1.71 0.11 0.71 NA 1.63 NA NA 1.43 0.39 0.55 NA NA 1.67
062597 FB-3 
062597 FB-3 DUP
7/29/97 4.10 7.69 17.14 0.88 3.75 -0.38 1.76 4.95 5.58 84.84 0.21 0.66 19.33
7/29/97 4.10 7.68 17.02 0.72 3.74 -0.39 1.22 4.85 5.54 84.20 0.19 0.60 19.19
Average
% diff of duplicates
7/29/97
4.10
Ô.02
7.68
0.22
17.08
0.70
BDL
NA
3.75
0.35
BDL BDL 4.90 5.56 84.52 BDL BDL 19.26
NA NA 1.92 0.63 0.76 NA NA 0.73
062597 TB Ï̂ 5.96 7.14 26.60 1.40 5.71 -0.24 1.82 8.49 7.03 113.20 0.15 0.86 24.68
062597 TB-1 DUP 7/29/97 5.89 7.21 26.60 1.48 5.75 -0.33 1.11 8.40 7.00 112.70 0.12 0.96 24.63
Average 5.93 7.18 26.60 1.44 5.73 BDL BDL 8.44 7.02 112.95 BDL BDL 24.66
% diff of duplicates 1.11 0.92 0.00 5.07 0.70 NA NA 1.02 0.43 0.44 NA NA 0.20
072497 TB-1 7/30/97 7.52 9.19 11.19 1.70 6.93 -0.06 1.00 11.85 7.88 148.20 0.08 1.04 0.26
072497 TB-1 DUP 7/30/97 7.43 9.14 10.95 1.85 6.84 -0.24 0.94 11.51 1 7.62 145.60 0.06 1.12 0.26
Average
% diff of duplicates
7.48 9.16 11.07 1.78 6.89 BDL BDL 11.68 7.75 146.90 BDL BDL 0.26
Ym m
1.14 0.50 2.17 8.55 1.26 NA NA 2.91 3.41 1.77 NA NA 1.59
Ô72497BF-T 3.09 10.06 1.40 0.18 2.10 0.06 1.72 1.59 4.13 67.21 0.06 0.38 -0.19
072497 BF-1 DUP 7/30/97 3.20 10.21 1.44 0.36 2.13 -0.17 1.61 1.53 4.05 67.27 0.01 0.49 -0.18
Average 3.15 10.14 1.42 BDL 2.11 BDL BDL 1.56 4.09 67.24 BDL BDL BDL
% diff of duplicates 3.24 1.48 2.82 NA 1.75 NA NA 3.92 2.00 0.09 NA NA NA
Mean % diff. on dup icates 2.36% 1.55% 2.01% 4.73% 2.13% NA NA 3.15% 2.84% 0.99% 18.00% NA 26.39%
Mean % diff. on duplicates (ail elements) = 6.00% BF = Blackfoot River at Swinging Bridge
----- TB = Clark Fork River at Turafi BridgeMean % diff. on elements of interest = 2.81% DCB = Clark Fork River at Deer Creek Bridge
FB= Clark Fork River at Foot Bridge
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Sample Name PQL (pg/L) Date Sample As Cone. (pg/L) Duplicate As Cone. (pg/L) % difference
032097 TB-2 0.40 4/10/97 9.06 8.95 1.22%
032097 DCB-1 0.40 4/10/97 6.51 6.67 2.43%
040697 DCB-2 0.40 4/10/97 2.98 3.04 1.99%
040697 BF-2 0.40 4/10/97 1.03 1.08 4.74%
040697 FB-1 0.40 4/10/97 3.28 3.20 2.47%
Mean % difference for 4/10/97 2.57%
042397 FB-3 0.40 6/10/97 2.56 2.53 1,18%
042397 BF-3 0.40 6/10/97 1.04 0.93 11.68%
051297 FB-2 0.40 6/10/97 2.93 2.92 0.33%
051297 BF-3 0.40 6/10/97 0.84 0.85 1.53%
051297 TB-1 0.40 6/10/97 5.22 5.30 1.45%
052097 DCB-1 0.40 6/10/97 3.52 3.55 0.89%
042397 DCB-2 0.40 6/10/97 2.62 2.48 5.61%
042397 TB-1 6.40 6/10/97 4.75 4.59 3.48%
052097 FB-1 0.40 6/10/97 3.38 3.41 0.80%
Mean % difference for 6/10/97 2.91%
062597 BF-1 0.40 7/9/97 0.80 0.79 1.25%
062597 DCB-1 0.40 7/9/97 4.91 4.86 1.02%
Mean % difference for 07/09/97 1.13%
072497 BF-2 0.40 8/20/97 0.93 0.96 3.16%
072497 DCB-2 0.40 8/20/97 5.43 5.53 1.77%
Mean % difference for 08/20/97 2.46%
Mean % difference for all As duplicates 2.27%
BF = Blackfoot River at Swinging Bridge
TB = Clark Fork River at Turafi Bridge
DCB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
Appenaix vi
CD
■D
O
Q.
C
g
Q.
■D
CD
C/)
C/)
8
ci'
3
3 "
CD
CD■DO
Q.
CaO3
"O
O
CD
Q.
■D
CD
C /)
C /)
HGAAS Alnalysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.(pg/L) Comments
032097 Blank 0.001 BDL (< 0.40 pg/L)
032097 BF-1 0.037 1.05 1.06 0.02
032097 BF-2 0.037 1.05
032097 BF-3 0.037 1.06
032097 BF-4 0.037 1.07
032097 TB-3 0.317 9.1 8.89 0.48 Needed to dilute
032097 TB-1 0.155 8.93 Diluted (1+1)
032097 TB-2 0.158 9.06 Diluted (1+1)
032097 TB-3 0.147 8.47 Diluted (1+1)
032097 TB-4 0.158 9.08 Diluted (1+1)
032097 DCB-3 0.265 7.61 6.78 0.63 Needed to dilute
032097 DCB-1 0.113 6.51 Diluted (1+1)
032097 DCB-2 0.116 6.68 Diluted (1+1)
032097 DCB-3 0.127 7.32 Diluted (1+1)
032097 DCB-4 0.115 6.59 Diluted (1+1)
032097 FB-1 0.118 6.80 6.76 0.53 Diluted (1+1)
032097 FB-2 0.122 7.02 Diluted (1+1)
032097 FB-3 0.110 6.31 Diluted (1+1)
032097 FB-4 0.120 6.89 Diluted (1+1)
040697 Blank 0.003 BDL (< 0.40 pg/L)
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HGAAS Analysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.(pg/L) Comments
040697 BF-1 0.039 1.19 1.11 0.13
040697 BF-2 0.034 1.03
040697 BF-3 0.038 1.16
040697 BF-4 0.035 1.05
040697 TB-1 0.176 5.35 5.30 0.26
040697 TB-2 0.168 5.12
040697 TB-3 0.145 4.41 Extra Kl- Didn't use TB-3
040697 TB-4 0.179 5.44 for mean and stdev.
040697 DCB-1 0.122 3.50 3.13 0.22 Filter blew on DCB-1
040697 DCB-2 0.104 2.98 Didn't use DCB-1 for
040697 DCB-3 0.110 3.15 mean and stdev.
040697 DCB-4 0.113 3.25
040697 FB-1 0.114 3.28 3.33 0.06
040697 FB-2 0.116 3.34
040697 FB-3 0.116 3.33
040697 FB-4 0.117 3.36
042397 Blank 0.003 BDL (< 0.40 ng/L)
042394 BF-1 0.035 1.02 1.04 0.08 .
042394 BF-2 0.039 1.11
042394 BF-3 0.036 1.04
042394 BF-4 0.035 1.01
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HGAAS Analysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% CI.(pg/L) Comments
042394 TB-1 0.164 4.75 4.79 0.10
042394 TB-2 0.167 4.81
042394 TB-3 0.164 4.75
042394 TB-4 0.169 4.87
042394 DCB-1 0.091
6.091
2.63 2.59 0.07
042394 DCB-2 2.62
042394 DCB-3 0.089 2.58
042394 DCB-4 0.088 2.54
042394 FB-2 0.092 2.65 2.60 0.07 Filter blew on FB-1
042394 FB-3 0.089 2.56
042394 FB-4 0.090 2.59
051297 Blank 0.002 BDL (< 0.40 pg/L)
051297 BF-1 0.028 0.81 0.80 0.08
051297 BF-2 0.026
6.029
0.74
051297 BF-3 0.84 Filter blew on BF-4
051297 TB-1 0.181 5.22 5.47 0.28
051297 TB-2 0.193 5.57
051297 TB-3 0.191 5.51
051297 TB^ 0.193 5.57
051297 DCB-1 0.093 2.67 2.68 0.07 Filter blew on DCB-4
051297 DCB-2 0.092 2.65 Didn't use DCB-4 for
051297 DCB-3 0.095 2.73 mean and stdev
051297 DCB-4 0.102 2.94
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Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.{pg/L) Comments
051297 FB-1 0.097 2.81 2.82 0.17
051297 FB-2 0.101 2.93
051297 FB-3 0.098 2.84
051297 FB-4 0.093 2.69
052097 Blank 0.004 BDL (< 0.40 pg/L)
052097 BF-1 0.030 0.86 0.93 0.09 1
052097 BF-2 0.032 0.92 '
052097 BF-3 0.034 0.98
052097 BF-4 0.033 0.96
052097 TB-1 0.229 6.61 6.65 0.25
052097 TB-2 0.231 6.68
052097 TB-3 0.236 6.83
052097 TB-4 0.224 6.48
052097 DCB-1 0.122 3.52 3.40 0.32
052097 DCB-2 0.123 3.56
052097 DCB-3 0.117 ^ 3.37
052097 DCB-4 0.109 3.14
052097 FB-1 0.117 3.38 3.43 0.08 FB-2 fell In water
052097 FB-3 0.120 3.46 FB-3 & FB-4 grab smpis
052097 FB-4 0.120 3.47
060497 Blank 0.003 BDL (< 0.40 pg/L)
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HGAAS Analysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.(pg/L) Comments
060497 BF-1 0.031 0.91 0.88 0.07
060497 BF-2 0.030 0.87
060497 BF-3 0.029 0.82
060497 BF-4 0.032 0.92 Added 14g extra Kl BF-4
060497 TB-1 0.274 7.92 Needed to dilute TB-1
060497 TB-1 
06Ô497 TB-2
0.129 7.46 7.58 0.19 Diluted (1+1)
0.131 7.59 Diluted (1+1)
060497 TB-3 0.153 8.83 Filter blew, Didn't use
060497 TB-4 0.133 7.70 Diluted (1+1)
060497 DCB-1 0.155 4.47 4.17 0.51
060497 DCB-2 0.148 4.27
060497 DCB-3 0.144 4.16
060497 DCB-4 0.130 3.76
060497 FB-1 0.147 4.26 4.21 0.11
060497 FB-2 
060497 FB-3
0.147 4.24
0.147 4.24
060497 FB-4 0.142 4.11
062597 Blank 0.001 BDL (< 0.40 pg/L)
062597 BF-1 0.033 0.80 0.80 0.03
062597 BF-2 0.033 0.78
062597 BF-3 0.033 0.79
062597 BF-4 0.035 0.83
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HGAAS Analysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.(pg/L) Comments
062597 TB-1 0.365 8.74 7.94 0.65 Needed to dilute TB-1
062597 TB-1 0.177 8.45 Diluted 1+1
062597 TB-2 0.163 7.82 Diluted 1+1
062597 TB-3 0.157 7.53 Diluted 1+1
062597 TB-4 0.166 7.96 Diluted 1+1
062597 DCB-V  
062597 bCB-2
0.205
0.207
4.91
4.95
4.93 0.08
-  — -
062597 DCB-3 0.208 4.98
062597 DCB-4 0.204 4.88
062597 FB-1 0.196 4.70 4.88 0.26
062597 FB-2 0.212 5.08
062597 FB-3 0.203 4.86
062597 FB-4 0.203 4.86
072497 Blank 0.002 BDL (< 0.40 pg/L)
072497 BF-1 
072497 BF-2
0.035 0.92 0.94 0.02
0.035 0.93
072497 BF-3 0.036 0.95
072497 BF-4 0.036 0.94
072497 TB-1 0.332 8.73 Needed to dilute
072497 TB-1 0.157 8.24 8.55 0.91 Diluted 1+1
072497 TB-2 0.154 8.08 Diluted 1+1
072497 TB-3 0.163 8.58 Diluted 1+1
072497 TB-4 0.177 9.28 Diluted 1+1
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HGAAS Analysis for As
Sample Name Absorbance Concentration (pg/L) Mean (pg/L) 95% C.l.(pg/L) Comments
072497 DCB-1 0.212 5.57 5.49 0.10
072497 DCB-2 0.207 5.43
072497 DCB-3 0.208 5.46
072497 DCB-4 0.208 5.47
072497 FB-1 0.214 5.61 5.31 0.35
072497 FB-2 ^  
072497 FB-3
0.199
0.198
5.23
5.22
- * -  - -.—  ------------------------
072497 FB-4 0.197 5.17
BF = Blackfoot Ftiver at Swingtng Bridge
TB = Clark Fork River at Turah Bridge
DCB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
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Sample Name Date Comment Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664 LI6707
Units pg/L ng/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
032097 Blank 7/2/97 0.13 1.05 0.50 0.12 0.00 0.0387 0.08 -0.26 0.03 1.28 1.34 -0 0014 0.07
032097 BF-2 7/2/97 0.33 3.90 0.50 135.92 0.00 23.72 -0.01 -0.03 1.09 0.85 21.06 1 228 3.72
032097 BF-3 7/2/97 0.42 4.09 1.20 135.07 000 23.6 0.08 -0.03 1.08 0.99 20.24 1.208 3.70
Mean Cone. (n=2) BDL 4.00 BDL 135.50 BDL 23.66 BDL BDL 1.09 0.92 20.65 1.22 3.71
95% Cl NA 0.19 NA 0.83 NA 0.12 NA NA 0.01 0 14 0.80 0.02 0.02
% RSD NA 2.38% NA 0.31% NA 0.25% NA NA 0.46% 7.61% 1.99% 0.82% 0.27%
032097 TB-3 7/2/97 0.41 73.31 11.00 53.42 -0.01 30.65 0.09 0 0.95 15.47 73.95 4.585 793
032097 TB-4 7/2/97 0.42 117.30 10.60 55.28 0.00 31.13 0.1 -0.01 0.96 17.05 113.26 4.593 7.93
Mean Cone. (n=2) BDL 95.31 10.80 54.35 BDL 30.89 BDL BDL BDL 16.26 93.61 4.59 7.93
95% C l NA 43.11 0.39 1.82 NA 0.47 NA NA NA 1.55 38.52 0.01 0.00
% RSD NA 23.08% 1.85% 1.71% NA 0.78% NA NA NA 4.86% 21.00% 0.09% 0.00%
032097 DCB-2 7/3/97 0.48 114.27 7.60 79.45 0.01 32.24 0.13 -0.07 1.33 12.14 97.43 3.426 6.81
032097 DCB-4 7/17/97 RERUN 0.35 119.8 7.4 83.15 0.01 31.96 0.11 0.04 0.66 12.42 88.96 3.542 6.98
Mean Cone. (n=2) BDL 117.04 7.50 81.30 BDL 32.10 BDL BDL BDL 12 28 93.20 3.48 6.90
95% C.l. NA 5.42 0.20 3.63 NA 0.27 NA NA NA 0.27 830 0.11 0.17
% RSD NA 2.36% 1.33% 2.28% NA 0.44% NA NA NA 1.14% 4.54% 1.66% 1.23%
032097 FB-1 7/3/97 0.45 90.30 7.70 81.46 0.00 32.21 0.14 -0.1 1.16 11.77 85.7 3413 6.80
032097 FB-3 7/3/97 0.44 91.60 7.40 82.40 0.01 32.57 0.13 -0.03 1.08 12.14 81.62 3.445 6.87
032097 FB-4 7/3/97 0.40 121.69 7.80 83.72 0,01 32.91 0.1 0.01 1.11 12.62 101.76 3.441 6.94
Mean Cone. (n=3) BDL 101.20 7.63 82.53 BDL 32.56 BDL BDL 1.12 12.18 89.69 3.43 6.87
95% C.l. NA 28.42 0.33 1.82 NA 0.56 NA NA 0.06 0.68 17.04 0.03 0.11
% RSD NA 14.33% 2.23% 1.12% NA 0.88% NA NA 2.96% 2.86% 9.69% 0.41% 0.83%
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Sample Name Date Mg2936 Mn2605 MO2020 Na3302 NI2316 Pb2203 S_1807 SI2124 Sr3464 TÎ3234 y_3102 Zn2138
Units mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL ------- 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
040697 Blank 7/3/97 0.0096 002 -0.07 0.1407 0.44 0.60 0.007 0.0058 0.3 0 0.01 0.18
040697 BF-1 7/17/97 10.73 5.15 0.22 6.226 -0.13 1.5 4.351 6.377 90 0.34 0.66 0.79
040697 BF-4 7/17/97 10.54 5.09 0.45 6.023 -0.45 0.4 4.471 6.357 87.5 0.43 0.42 0.69
Mean Cone. (n=2) 10.64 5.12 BDL 6.12 BDL BDL 4.41 6.37 88.75 BDL BDL 0.74
95% C.l. 0.19 0.06 NA 0.20 NA NA 0.12 0.02 2.45 NA NA 0.10
% RSD 0.89% 0.59% NA 1.66% NA NA 1.36% 0.16% 1.41% NA NA 6.76%
040697 TB-1 7/3/97 11.32 11.66 1.30 9.69 -0.16 1.50 16.760 8.45 178.8 0.22 0.98 1.29
040697 TB-2 7/3/97 11.29 11.83 1.22 9.609 0.04 1.60 16.760 8.472 180.5 0.25 1.03 1.17
040697 TB-3 7/3/97 11.21 11.89 1.23 9.406 -0.30 1.30 16.820 8.395 178 0.25 0.97 1.3
Mean Cone. (n=3) 11.27 11.79 1.25 9.57 BDL BDL 16.78 8.44 179.10 BDL BDL 1.25
95% C.l. 0.09 0.19 0.07 0.23 NA NA 0.06 006 2.04 NA NA 0.12
% RSD 0.41% 0.83% 2.85% 1.25% NA NA 0.17% 0.38% 0.58% NA NA 4.71%
040697 DCB-2 7/3/97 10.88 15.19 0.69 7.887 -0.23 0.90 10.740 7.548 135.5 1.01 0.84 3.31
040697 DCB-3 7/3/97 11.14 15.60 0.81 7.949 -0.17 1.20 11.010 7.714 137.9 1.02 0.83 9.59
040697 DCB-4 7/3/97 11.1 15.04 0.89 7.951 -0.50 1.50 11.210 7.688 137.8 0.37 0.82 2.01
Mean Cone. (n=3) 11.04 15.28 BDL 7.93 BDL BDL 10.99 7.65 137.07 BDL BDL 4.97
95% C.l. 0.22 0.46 NA 0.06 NA NA 0.38 0.14 2.17 NA NA 6.49
% RSD 1.04% 1.55% NA 0.37% NA NA 1.75% 0.95% 0.81% NA NA 66.59%
040697 FB-3 7/3/97 11.05 14.30 0.76 7.889 -0.19 0.80 11.070 7.634 138 0.31 085 1.3
040697 FB-4 7/3/97 11.12 14.14 0.71 8.091 -0.30 1.10 11.020 7.63 137 0.34 0.77 1.2
Mean Cone. (n=2) 11.09 14.22 BDL 7.99 BDL BDL 11.05 7.63 137.50 BDL BDL 1.25
95% C.l. 0.07 0.16 NA 0.20 NA NA 0.05 0.00 0.98 NA NA 0.10
% RSD 0.32% 0.56% NA 1.26% NA NA 0.23% 0.03% 0.36% NA NA 4.00%
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Sample Name Date Comment Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 C02286 Cr2677 Cu3247 Fe2399 K_7664 LI6707
Units pg/L pgrt- pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
042397 blank 7/3/97 0.16 1.21 -0.80 0.11 0.01 0.0286 0.1 -0.16 -0.06 0.04 0.34 -0.0192 0.03
042397 BF-1 7/3/97 031 97.81 -0.70 128.35 0.01 21.5 0.12 -0.11 1.21 0.88 77.27 1.014 2.88
042397 BF-2 7/3/97 0.36 45.10 0.20 125.85 0.01 21.33 0.05 -0.1 0.97 1.08 48.12 0.9943 2.81
042397 BF-3 7/3/97 0.38 17.94 -0.20 127.12 0.01 21.7 0.13 -0.08 0.99 0.86 34.2 1.014 2.84
042397 BF-4 7/3/97 0.42 74.90 -0.80 126.35 0.01 21.75 0.1 -0.09 1.01 0.91 67,65 0.9944 2.85
Mean Cone. (n=4) BDL 58.94 BDL 126.92 BDL 21.57 BDL BDL 1.05 0.93 56.81 1.00 2.85
95% C.l. NA 59.11 NA 1.85 NA 0.33 NA NA 0.19 0.17 32.84 002 0.05
% RSD NA 51.17% NA 0.74% NA 0.78% NA NA 9.22% 9.33% 29,49% 0.98% 0.88%
042397 TB-1 7/3/97 0.39 62.22 5.70 68.06 0.01 28.89 .0.07 -0.01 1.25 5.22 49.86 1.928 5.89
042397 TB-3 7/3/97 0.51 43.18 4.80 66.45 0.01 28.82 0.09 -0.13 1.16 4.62 37.67 1.917 5.90
Mean Cone. (n=2) BDL 52.70 5.25 67.26 BDL 28.86 BDL BDL 1.21 4.92 43.77 1.92 5.90
95% C.l. NA 18.66 0.88 1.58 NA 0.07 NA NA 0.09 0.59 11.95 0.01 0.01
% RSD NA 18.06% 8.57% 1.20% NA 0.12% NA NA 3.73% 6.10% 13.93% 0.29% 0.08%
042397 DCB-1 7/3/97 0.38 4.89 1.50 101.60 0.00 22.9 0 -0.04 1.03 3.19 24.39 1.354 3.93
042397 DCB-3 RERUN 0.49 4.7 3.4 96.83 0.01 21.82 0.08 -0.07 0.74 2.07 23.46 1.285 3.8
042397 DCB-4 RERUN 0.47 4.61 3 95.6 0.01 21.94 0.08 -0.03 1.02 2.2 23.12 1.279 3.77
Mean Cone. (n=3) BDL 4.73 BDL 98.01 BDL 22.22 BDL BDL BDL 2.49 23.66 1.31 3.83
95% C.l. NA 0.23 NA 5.07 NA 0.95 NA NA NA 0,98 1.05 0.07 0.14
% RSD NA 2.47% NA 2.64% NA 2.18% NA NA NA 20.11% 2.27% 2.61% 1.81%
042397 FB-2 7/3/97 0.44 4259 2.60 104.02 0.01 23.97 0.08 -0.17 1.27 2.48 46.62 1.338 3.91
042397 FB-3 7/3/97 0.35 3.62 1.50 102.18 0.01 23.49 0.04 -0.05 1.14 2.23 20.78 1.331 3.94
042397 FB-4 7/3/97 0.44 79.29 1.70 104.43 0.01 24.2 0.12 ■0.12 1.42 2.7 67.36 1.356 4.02
Mean Cone. (n=3) BDL 41.83 BDL 103.54 BDL 23.89 BDL BDL 1.28 2.47 44.92 1.34 3.96
95% C.l. NA 60.56 NA 1.92 NA 0.58 NA NA 0.22 0.38 37.35 0.02 0.09 co
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Sample Name Date Mg2936 Mn2605 MO2020 Na3302 Ni2316 Pb2203 S_1807 312124 Sr3464 TI3234 V_3102 Zn2138
Units mg/L ng/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
042397 blank 7/3/97 0.0104 0.02 -0.16 0.1218 0.45 -0.20 0.005 0.0047 0.2 0 -0.05 0.71
042397 BF-1 7/3/97 7.581 3.66 0.25 3.781 -0.04 1.10 2.390 6.052 60 2.27 05 3.12
042397 BF-2 7/3/97 7.498 3.18 0.07 3.592 -0.06 0.60 2.335 5.929 59.5 1.39 0.47 1.18
042397 BF-3 7/3/97 7.538 3.10 0.07 3.581 -0.10 1.50 2.365 5.949 60.2 082 0.56 0.97
042397 BF-4 7/3/97 7.592 3.92 0.14 3.692 0.06 1.40 2.302 5.961 59.7 1.56 0.49 3.16
Mean Cone. (n=4) 7.55 3.47 BDL 3.66 BDL BDL 2.35 5.97 59.85 BDL BDL 2.11
95% C.l. 0.07 0.66 NA 0.16 NA NA 0.06 0.09 0.53 NA NA 2.03
% RSD 0.49% j 9.78% NA 2.22% NA NA 1.40% 0.79% 0.45% NA NA 49.12%
042397 TB-1 7/3/97 7,87 5.48 1.00 7.094 -0.40 0.90 11.040 8.178 124.2 1.63 0.93 3.02
042397 TB-3 7/3/97 7.855 473 087 6.962 -0.04 0.50 10.710 8027 122,2 1.18 0.98 2.25
Mean Gone. (n=2) 7.86 5.11 BDL 7.03 BDL BDL 10.88 8.10 123.20 BDL BDL 2.64
95% Cl. 0.01 0.74 NA 0.13 NA NA 0.32 0.15 1.96 NA NA 0.75
% RSD 0.10% 7.35% NA 0.94% NA NA 1.52% 0.93% 0.81% NA NA 14.61%
042397 DCB-1 7/3/97 7.247 9.87 0.50 4.676 -0.28 0.80 5.418 6.458 80.6 053 0.65 1.84
042397 DCB-3 7.185 9.81 0.41 4.588 -0.09 0.3 5.085 6.129 76.7 0.43 0.56 1.28
042397 DCB-4 7.208 9.68 0.33 4.76 0.02 0.1 5.202 6.149 77.3 0.45 0.6 0.78
Mean Conc. (n=3) 7.21 9.79 BDL 4.67 BDL BDL 5.24 6.25 78.20 BDL BDL 1.30
95% C.l. 0.05 0.16 NA 0.14 NA NA 0.27 0.30 3.36 NA NA 0.85
% RSD 0.35% 0.81% NA 1.50% NA NA 2.63% 2.41% 2.19% NA NA 33.31%
042397 FB-2 7/3/97 7.503 11.63 0.48 4.905 0.12 1.70 5.335 6.641 82.2 1.2 1.02 2.32
042397 FB-3 7/3/97 7.407 11.03 0.45 5.118 -0.12 0.90 5.175 6.525 81.2 0.39 0.94 104.4
042397 FB-4 7/3/97 7.557 12.18 0.45 4.991 0.19 1.00 5.328 6.708 82.4 1.62 1 2.67
Mean Conc. (n=3) 7.49 11.61 BDL 5.00 BDL BDL 5.28 6.62 81.93 BDL BOL 36.46
95% C I. 0.12 0.92 NA 0.17 NA NA 0.14 0.15 1.03 NA NA 94.16
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Sample Name Date Comment Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664 Li6707
Units ng/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
%RSD NA 73.86% NA 0.94% NA 1.24% NA NA 8.96% 7,77% 42.42% 0.78% 1.17%
051297 Blank 0.23 1.29 0.7 0.29 0.01 0.0625 0.13 -0.24 -0.2 -0.01 0.67 -0.0192 0.06
051297 BF-1 0.53 15.46 0.8 106.29 0.01 19.59 0.12 -0.19 049 0.93 27.4 0.6741 1.79
051297 BF-3 0.49 15.74 0.4 107.49 0.01 19.31 0.01 -0.11 0.54 0.89 27.78 0.6814 1.76
Mean Conc. (n=2) BDL 15.60 BDL 106.89 BDL 19.45 BDL BDL BDL 0.91 27.59 0.68 1.78
95% C.l. NA 0.27 NA 1.18 NA 0.27 NA NA NA 0.04 0.37 0.01 0.03
% RSD NA 0.90% NA 0.56% NA 0.72% NA NA NA 2.20% 0.69% 0.54% 0.85%
051297 TB-1 0.53 79.53 5.7 52.35 0.01 20.56 0.1 -0.13 0.72 6.75 70.88 1.533 4.03
051297 TB-2 0.54 56.89 6.1 51.46 0.02 20.63 0.17 -0.18 0.64 6.47 55.28 1.493 3.99
051297 TB-4 0.48 20.84 5.7 50.72 0.01 20.24 0.11 -0.07 0.69 6.18 33.64 1.477 3.85
Mean Conc. (n=3) BDL 52.42 5.83 51.51 BDL 20.48 BDL BDL BDL 6.47 53.27 1.50 3.96
95% C.l. NA 47.37 0.37 1.31 NA 0.33 NA NA NA 0.46 29.93 0.05 0.15
% RSD NA 46.10% 3.23% 1.29% NA 0.83% NA NA NA 3.60% 28.67% 1.57% 1.95%
051297 DCB-1 0.54 25.8 2.8 84.82 0.02 19.5 0.11 -0.21 0.44 3.37 36.57 0.9341 2.50
051297 DCB-2 0.46 6.88 3.3 85.22 0.01 19.43 0 -0.07 0.49 3.15 24.3 0.9252 2.45
051297 DCB-3 0.52 44.25 2.5 85.35 0.01 19.23 0.1 -0.15 0.49 3.27 49.38 0.9502 2.51
Mean Conc. (n=3) BDL 25.64 BDL 85.13 BDL 19.39 BDL BDL BDL 3.26 36.75 0.94 2.49
95% C.l. NA 29.90 NA 0.44 NA 0.22 NA NA NA 0.18 20.07 0.02 0.05
% RSD NA 59.50% NA 0.26% NA 0.59% NA NA NA 2.76% 27.86% 1.10% 1.06%
051297 FB-2 7/17/97 RERUN 0.36 80.19 2.7 89.9 0.01 18.95 0.04 0 0.69 3.36 67.69 1.018 2.59
051297 FB-3 7/17/97 RERUN 0.33 79.84 3.2 94.63 0.01 19.64 -0.02 -0.02 0.59 3.56 75.32 1.044 263
051297 FB-4 7/17/97 RERUN 0.27 53.32 1.7 93.9 0.01 19.45 -0.03 0.04 0.77 3.16 57.3 1.049 263
Mean Conc. (n=3) BDL 71.12 BDL 92.81 BDL 19.35 BDL BDL BDL 3.36 66.77 1.04 262 w-si
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Sample Name Date Comment Ag3280 AI3082 AS1890 Ba2335 Be2348 Ca3181 Cd2265 C02286 Cr2677 Cu3247 Fe2399 K_7664 LI6707
Units pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL ----- 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
95% C l. NA 24.67 NA 4.08 NA 0.57 NA NA NA 0.32 14.48 0.03 0.04
% RSD NA 17.70% NA 2.24% NA 1.50% NA NA NA 4.86% 11.06% 1.31% 0.72%
052097 BLANK 7/25/97 0.090 -0.06 0.656 0.039 0.003 0.0254 0.019 -0.050 0.052 -0.098 019 0.0098 -0.04
052097 BF-2 7/25/97 0.622 7.43 1.150 94.090 0.005 19.15 -0.102 -0.016 0.601 0.777 19.52 0.7905 1.65
052097 BF-3 7/25/97 0.576 8.19 1.800 94.060 0.005 19.14 -0.043 0.035 0.630 0.784 20.16 0.7863 1.67
052097 BF-4 7/25/97 0.560 7.42 0 709 94.310 0.007 19.29 -0.041 -0.032 0.607 0.813 19.37 0.7918 1 63
Mean Cone. (n=3) BDL 7.68 BDL 94.15 BDL 19.19 BDL BDL BDL 0.79 19.68 0.79 1.65
95% C.l. NA 0.71 NA 0.22 NA 0.13 NA NA NA 0.03 0.67 0.00 0.03
% RSD NA 4.72% NA 0.12% NA 0.36% NA NA NA 1.95% 1.74% 0.30% 0.94%
052097 TB-1 7/25/97 0.562 37.92 7.000 38.380 0.012 17.55 0.080 -0.041 0.621 8.608 49.49 1.385 328
052097 TB-2 7/25/97 0.575 46.76 7.110 38.460 0.008 17.32 -0.022 0053 0.748 8.597 55.52 1.392 3.25
052097 TB-4 7/25/97 0.620 9.92 6.890 37.360 0.011 16.87 0.065 -0.076 0.647 7.820 26.84 1.366 3.20
Mean Cone. (n=3) BDL 31.53 7.00 38.07 BDL 17.25 BDL BDL BDL 8.34 43.95 1.38 3.24
95% C.l. NA 30.78 0.18 0.98 NA 0.55 NA NA NA 0.72 24.20 0.02 0.06
% RSD NA 49.80% 1.28% 1.32% NA 1.64% NA NA NA 4.42% 28.09% 0.80% 1.01%
052097 DCB-3 7/25/97 0.577 6.87 3.390 67.910 0.006 17.43 -0.044 0.041 0.620 3.655 21.88 0.9851 2.20
052097 DCB^ 7/25/97 0.607 6.80 2.730 68.290 0.006 17.25 -0.087 0.021 0.612 3.318 19.91 0.9716 2.19
Mean Cone. (n=2) BDL 6.84 BDL 68.10 BDL 17.34 BDL BDL BDL 3.49 20.90 0.98 2.20
95% C.l. NA 0.07 NA 0.37 NA 0.18 NA NA NA 0.33 1.93 0.01 0.01
% RSD NA 0.52% NA 0.28% NA 0.52% NA NA NA 4.83% 4.71% 0.69% 0.27%
052097 FB-1 7/25/97 GLOVES? 0.574 6.75 3.940 66.100 0.006 17.38 -0.051 0.001 0.630 3.639 20.52 0.9776 2.20
052097 FB-1 7/25/97 RERUN 0.576 6.45 3.240 68.110 0.009 16.78 -0.129 0.047 0.552 3.613 20.27 1.032 2.32
Mean Cone. (n=2) BDL 660 BDL 67.11 BDL 17.08 BDL BDL BDL 3.63 20.40 1.00 2.26
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Sample Name Date Mg2936 Mn2605 MO2020 Na3302 NI2316 Pb2203 S_1807 SÎ2124 Sr3464 TI3234 V 3102 Zn2138
Units ------- mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL ------- 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
95% C.l. 0.16 0.46 NA 0.11 NA NA 0.11 0.15 2.21 NA NA 0.88
% RSD 1.36% 1.39% NA 1.63% NA NA 1.77% 1.31% 1.88% NA NA 18.52%
052097 BLANK 7/25/97 0.0103 0.008 -0.129 0.1979 0.059 0.650 0.0107 0.0005 0.042 0.041 -0.115 -0.054
052097 BF-2 7/25/97 6.202 3.566 -0 068 1.61 -0.090 1.240 1.14 4.128 40.950 0.355 0.213 0.081
052097 BF-3 7/25/97 6.222 3.245 0.069 1.533 0.004 0.666 1.136 4.14 41.210 0.354 0.187 -0.010
052097 BF-4 7/25/97 6.247 3.477 -0.008 1.684 -0.035 1.470 1.151 4.153 41.440 0.338 0.230 -0.058
Mean Cone. (n=3) 6.22 3.43 BDL 1.61 BDL BDL 1.14 4.14 41.20 BDL BDL BDL
95% C.l. 0.04 027 NA 0.12 NA NA 0.01 0.02 0 39 NA NA NA
% RSD 0.30% 3.95% NA 3.83% NA NA 0.56% 0.25% 0.49% NA NA NA
052097 TB-1 7/25/97 4.37 15.920 0.699 3.691 -0.050 1.400 5.272 6.694 67.430 0.978 0.773 4.676
052097 TB-2 7/25/97 4.3 15.750 0.806 3.728 -0.149 1.470 5.301 6.681 66.980 1.168 0.781 5.878
052097 TB-4 7/25/97 4.249 12.930 0.715 3.682 -0.262 0.962 5.149 6.508 64.320 0.294 0.675 2.227
Mean Cone. (n=3) 4.31 14.87 BDL  ̂ 3.70 BDL BDL 5.24 6.63 66.24 BDL BDL 4.26
95% C.l. 0.10 2.69 NA 0.04 NA NA 013 0.17 2.69 NA NA 2.98
% RSD 1.15% 9.22% NA 0.54% NA NA 1.26% 1.28% 2.07% NA NA 35.66%
052097 DCB-3 7/25/97 5.257 14.250 0.304 2.292 -0.121 1.440 2.587 4.853 48.540 0.377 0.428 0.481
052097 DCB-4 7/25/97 5.281 13.620 0.335 2.206 -0.151 2.040 2.393 4.726 46.860 0.303 0.342 0.882
Mean Cone. (n=2) 5.27 13.94 BDL 2.25 BDL BDL 2.49 4.79 47.70 BDL BDL 0.68
95% C.l. 0.02 0.62 NA 0.08 NA NA 0.19 0.12 1.65 NA NA 0.39
% RSD 0.23% 2.26% NA 1.91% NA NA 3.90% 1.33% 1.76% NA NA 29.41%
052097 FB-1 7/25/97 5.244 14.600 0.281 2.275 -0.131 1.470 2.53 4.81 48.270 0.361 0.409 0.539
052097 FB-1 7/25/97 5.38 14.910 0.494 2.332 0018 0.953 2.654 4.929 49 040 0.314 0.475 0.543
Mean Cone. (n=2) 5.31 14.76 BDL 2.30 BDL BDL 2.59 4.87 48.66 BDL BDL 0.54
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Sample Name Date Comment Ag3280 AI3082 AS1890 Ba2335 Be2348 Ca3181 Cd2265 C02286 Cr2677 Cu3247 Fe2399 K 7664 LI6707
Units mmrw— — pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL ------------------- 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
95% C.l. NA 0.30 NA 1.97 NA 0.59 NA NA NA 0.03 0.24 0.05 0.11
% RSD NA 2.29% NA 1.50% NA 1.76% NA NA NA 0.36% 0.61% 2.71% 2.46%
060497 BLANK 7/25/97 -0.049 -0.62 0.942 -0.038 0.002 0.0186 0.031 -0.001 -0.011 -0.176 -0.22 0.0009 -0.01
060497 BF-1 7/25/97 0.565 14.74 1.820 99.740 0.005 17.31 -0.159 0.040 0.661 0.520 22.13 0.5669 1.66
060497 BF-2 7/25/97 0.533 7.54 0.705 97.810 0 006 17.24 -0.096 0.038 0.608 0.465 14.88 05578 1.72
060497 BF-3 7/25/97, 0.555 6.45 0.234 98.780 0.005 17.45 -0.090 0.067 0.572 0.537 14.44 0.5576 1.65
060497 BF-4 7/25/97 0.500 6.83 1.530 97.180 0.007 17.18 -0.114 0.030 0.619 0.523 14.30 0.5662 1.65
Mean Cone. (n=4) BDL 8.89 BDL 98.38 BDL 17.30 BDL BDL BDL 0.51 16.44 0.56 1.67
95% C.l. NA 6.67 NA 1.90 NA 0.20 NA NA NA 0.05 6.46 0.01 0.05
% RSD NA 38.26% NA 0.99% NA 0.58% NA NA NA 5.34% 20.04% 0.79% 1.60%
060497 TB-1 7/25/97 RERUN 0.652 7.36 8.500 36.110 0.001 16.21 -0.027 0.068 0615 8.945 20.76 1.442 4.07
060497 TB-2 7/25/97 RERUN 0.624 25.08 9.720 40.750 0.001 17.87 -0.031 0.209 0.752 9.724 37.21 1.509 4.11
060497 TB-4 7/25/97 RERUN 0.658 16.96 9.460 39.050 -0.004 17.11 -0.034 0.135 0.702 9.751 29.87 1.524 4.23
Mean Cone. (n=3) BDL 16.47 9 23 38.64 BDL 17.06 BDL BDL BDL 9.47 29.28 1.49 4.14
95% C.l. NA 14.20 1.03 3.76 NA 1.33 NA NA NA 0.73 13.19 0.07 0.14
% RSD NA 43.99% 5.69% 4.96% NA 3.98% NA NA NA 3.95% 22.98% 2.39% 1.68%
060497 DCB-2 7/29/97 0.7013 8.733 4.53 75.58 0.0033 1942 -0.2865 0.0618 0.1664 4.553 21.26 0.974 2.601
060497 DCB-3 7/29/97 0.6849 6.92 4.36 74.05 0.002 19.05 -0.3006 0.0879 0.2491 4.412 19.08 0.9509 2.521
060497 DCB-4 7129197 0.6517 7.344 3.28 78.42 0.0039 19.09 -0.3177 0.1373 0.2379 3.713 17.7 0.902 2.457
Mean Cone. (n=3) BDL 7.67 BDL 76.02 BDL 19.19 BDL BDL BDL 4.23 19.35 0.94 2.53
95% C.l. NA 1.52 NA 3.55 NA 0.32 NA NA NA 0.72 2.87 0.06 0.12
% RSD NA 10.10% NA 2.38% NA 0.86% NA NA NA 8.69% 7.58% 3.19% 2.33%
060497 FB-1 7/29/97 0.6271 8.429 4.98 73.68 0.0052 19.14 -0.2353 -0.0031 0.1795 4.4 20.02 0.9612 2.594
Appendix VIII
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)W
o"3O
8
ci'
3
3 "
CD
CD■DO
Q .
CaO
3
■D
O
CD
Q .
■D
CD
C /)
C /)
ICAPES Analysis
Sample Name Date Mg2936 Mn2605 MO2020 Na3302 NI2316 Pb2203 S 1807 SI2124 Sr3464 TI3234 V_3102 Zn2138
Units mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL ------- 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
95% C.l. 0.13 0.30 NA 0.06 NA NA 0.12 0.12 0.75 NA NA 000
% RSD 1.28% 1.05% NA 1.24% NA NA 2.39% 1.22% 0.79% NA NA 0.34%
060497 BLANK 7/25/97 0.0094 -0.014 0.066 0.1732 0.204 -0.025 0.0092 -0.0012 0.062 -0.074 0.008 -0.195
060497 BF-1 7/25/97 6.092 3.063 0.132 1.355 -0.138 1.170 0.9793 3.659 38.940 0.355 0.264 0.244
060497 BF-2 7/25/97 6.063 2.930 0.280 1.335 -0.057 0.724 0.9447 3.594 38.360 0.212 0.235 2.496
060497 BF-3 7/25/97 6.139 3.398 0.239 1.377 -0.097 1.110 0.9634 3.65 38.730 0.219 0.271 9.346
060497 BF-4 7/25/97 6.087 3.578 0.198 1.333 -0.179 0.624 0.9579 3.61 38.250 0.191 0.233 0.226
Mean Cone. (n=4) 6.10 3.24 BDL 1.35 BDL BDL 0.96 3.63 38.57 BDL BDL 3.08
95% C.l 0.05 0.51 NA 0.03 NA NA 0.02 0.05 0.54 NA NA 7.32
% RSD 0.45% 7.96% NA 1.32% NA NA 1.29% 0.75% 0.72% NA NA 121.34%
060497 TB-1 7/25/97 4.842 14.870 0.887 4.153 -0.212 -0.304 6.251 6.179 67.520 0.400 0.680 1.234
060497 TB-2 7/25/97 4.932 17.240 1.082 4.32 -0.295 0.566 6.524 6.532 75.720 0.827 0.739 14.490
060497 TB-4 7/25/97 5.046 16.140 0.958 4.376 -0.170 0.683 6.745 6.544 71.700 0.742 0.709 5.564
Mean Cone. (n=3) 494 16.08 BDL 4.28 BDL BDL 6.51 6.42 71.65 BDL BDL 7.10
95% C.l. 0.16 1.90 NA 0.19 NA NA 0.40 0.33 6.56 NA NA 10.82
% RSD 1.69% 6.02% NA 2.21% NA NA 3.11% 2.64% 4.67% NA NA 77.78%
060497 DCB-2 7/29/97 5.779 12.52 0.4265 2.497 -0.1028 0.857 3.215 4.944 59.2 0.2758 0.5806 0.4686
060497 DCB-3 7/29/97 5.717 11.8 0.5149 2.667 -0.2288 0.299 3.106 4.847 57.32 0.2466 0.4326 2.302
060497 DCB-4 7/29/97 5.838 10.23 0.4345 2.418 -0.2441 0631 2.704 4.635 54.59 0.2351 0.4652 -0.1901
Mean Cone. (n=3) 5.78 11.52 BDL 2.53 BDL BDL 3.01 4.81 57.04 BDL BDL 0.86
95% C.l. 0.10 1.87 NA 0.20 NA NA 0.43 0.25 3.71 NA NA 2.07
% RSD 0.86% 8.30% NA 4.11% NA NA 7.30% 2.68% 3.32% NA NA 122.58%
060497 FB-1 7/29/97 5.764 11.9 0.3621 2.609 -0.171 -0.216 3.098 4.865 57.77 0.234 0.5104 5.904
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Sample Name Date Comment Ag3280 AI3082 AS1890 Ba2335 Be2348 Ca3181 Cd2265 C02286 Cr2677 Cu3247 Fe2399 K 7664 Li6707
Units IIII ■ « ■ ■ ■■ ■ pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL ------------------- 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
060497 FB-2 7/29/97 0.6921 7.623 6 72.6 0.0025 18.76 -02896 0.0892 0.0998 4.329 18.34 0.9598 2.602
060497 FB-4 7/29/97 RERUN 0.6197 7.826 3.27 69.43 0.0002 18.49 -0.2243 0.0223 0.3543 4.444 19.63 1.01 2.776
Mean Cone. (n=3) BDL 7.96 BDL 71.90 BDL 18.80 BDL BDL BDL 4.39 19.33 0.98 2.66
95% C.l. NA 0.67 NA 3.54 NA 0.52 NA NA NA 0.09 1.41 0.05 0.16
% RSD NA 4.30% NA 2.51% NA 1.42% NA NA NA 1.08% 3.71% 2.39% 3.16%
062597 BLANK 7/29/97 -0.0145 -0.2645 -0.326 0.1355 -0.0008 0.0163 -0.123 -0.1196 -0.3448 -0.1009 0.0473 -0.0014 0.0052
062597 BF-1 7/29/97 0.7108 4.848 1 44 139.8 -0.0026 22.98 -0.2493 0.0895 0.2323 04873 16.48 0.6282 2.454
062597 BF-2 7/29/97 0.6997 5.177 0.588 139.4 -0.0031 22.99 -0.2765 0.0609 0.2686 0.4289 16.85 0.6377 2.501
062597 BF-3 7/29/97 0.6847 5.272 0.588 140.2 -0.0005 23.21 -0.3309 0.0254 0.2838 0.4137 16.4 0.6363 2.486
062597 BF-4 7/29/97 0.6982 4.882 0.326 140.4 -0.0006 23.5 -0.3135 -0.0245 0.2106 0.3995 16.33 0.6475 2.55
Mean Cone. (n=4) BDL 5.04 BDL 139.95 BDL 23.17 BDL BDL BDL 0.43 16.52 0.64 2.50
95% C.l, NA 036 NA 0.75 NA 0.41 NA NA NA 0.07 0.39 0.01 0.07
% RSD NA 3.63% NA 0.27% NA 0.91% NA NA NA 7.72% 1.21% 1.08% 1.39%
062597 TB-1 7/29/97 0.7984 6.58 11.1 48.07 -0.0011 27.73 -0.1883 0.0765 0.3854 7.505 20.82 1.737 5.959
062597 TB-2 7/29/97 0.7325 5.318 10.5 47.87 -0.0029 28.13 -0.1796 -0.0544 0.3638 7.418 20 52 1.743 5.938
062597 TB-3 7/29/97 0.7412 5.254 11.1 48.15 -0.002 27.68 -0.1786 0.0039 0.3425 7.383 22.33 1.732 5.918
062597 TB-4 7/29/97 0.6941 5398 11 47.79 -0.0026 27.86 -0.2047 -0.0658 0,3731 7.492 23.07 1.71 5.893
Mean Cone. (n=4) BDL 5.64 10.93 47.97 BDL 27.85 BDL BDL BDL 7.45 21.69 1.73 5.93
95% C.l. NA 1.07 0.49 0.29 NA 0.34 NA NA NA 0.10 2.06 0.02 0.05
% RSD NA 9.69% 2.28% 0.30% NA 0.63% NA NA NA 0.68% 4.86% 0.72% 0.41%
062597 DCB-1 7/29/97 0.7212 5.16 5.23 90.31 -0.0039 24.72 -0.2668 0.0068 0.3149 4.004 17.67 1.179 4.163
062597 DCB-2 7/29/97 0.7182 5.881 5.1 89.91 -0.0002 25.1 -0.2166 0.0039 0.3117 4.041 17.97 1.167 4.151
062597 DCB-3 7/29/97 0.7124 4.64 5.3 90.35 -0.0024 25.38 -0.2254 -0.0061 0.318 4.061 18.12 1.163 4.108
062597 DCB-4 7/29/97 0.7816 4.534 4.71 91.33 -0.0065 25.08 -0.2145 0.0679 0.3211 3.982 18.41 1.176 4.096
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Sample Name Date Mg2936 Mn2605 Mo2020 Na3302 NI2316 Pb2203 S_1807 SÎ2124 Sr3464 Ti3234 V_3102 Zn2138
Units ------------------- mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL — — 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
060497 FB-2 7/29/97 5.673 11.64 0.5551 2.651 -0.1867 0.374 3.092 4.805 56.99 0.2277 0.4144 -0.1564
060497 FB-4 7/29/97 5 591 11.18 0.4833 2.656 -0.1993 1.68 2.926 4.56 56.04 0.251 0.4957 2.637
Mean Cone. (n=3) 5.68 11.57 BDL 2.64 BDL BDL 3.04 4.74 56.93 BDL BDL 2.79
95% C.l. 0.14 0.58 NA 0.04 NA NA 0.16 0.26 1.39 NA NA 4.85
% RSD 1.24% 2.57% NA 0.80% NA NA 2.62% 2.78% 1.24% NA NA 88.61%
062597 BLANK 7/29/97 0.0103 -0.0031 -0.1914 0.1775 0.0578 -0.342 0.0141 0.0091 -0.119 -0.0319 -0.087 -0.6461
062597 BF-1 7/29/97 8.269 2.324 0.2463 1.817 -0.2025 1.35 1.258 4.063 54.09 0.106 0.3092 -0.6318
062597 BF-2 7/29/97 8.281 2.431 0.1096 1.774 -0.1332 2.18 1.249 4.066 54 28 0.1236 0249 -0.4122
062597 BF-3 7/29/97 8.344 2.49 0.1278 1.73 -0.2833 1.87 1.248 4.088 54.54 0.1019 0.1904 -0.3872
062597 BF-4 7/29/97 8.441 2.512 0.1096 1.767 -0.0754 1.22 1.247 4.113 54.89 0.1163 0.2216 1.007
Mean Cone. (n=4) 8.33 2.44 BDL 1.77 BDL BDL 1.25 4.08 54.45 BDL BDL BDL
95% C.l. 0.13 0.14 NA 0.06 NA NA 0.01 0.04 0.59 NA NA NA
% RSD 0.82% 2.99% NA 1.74% NA NA 0.35% 0.49% 0.55% NA NA NA
062597 TB-1 7/29/97 7.143 26.6 1.404 5.705 -0.2417 1.82 8.487 7.031 113.2 0.1499 0.8562 24.68
062597 TB-2 7/29/97 7.212 25.66 1.285 5.525 -0 1781 1.37 8.317 7.034 113.5 0.1172 0.8687 2.046
062697 TB-3 7/29/97 7.158 25.2 1.313 5.365 -02589 1.79 8.247 6.974 112 0.1295 0.89 1.165
062597 TB-4 7/29/97 7.213 25.63 1.349 5.621 -0.2879 1.66 8.294 7.005 112.4 0.1047 0 8999 12.44
Mean Cone. (n=4) 7.18 25.77 1.34 5.55 BDL BDL 8.34 7.01 112.78 BDL BDL 10.08
95% C.l. 0.06 1.00 0.09 0.25 NA NA 0.18 0.05 1.18 NA NA 18.67
% RSD 0.44% 1.98% 3.32% 2.27% NA NA 1.09% 0.34% 0.53% NA NA 94.45%
062597 DCB-1 7/29/97 7.562 17.29 0.7841 3.643 -0.5108 1.64 4.744 5.466 81.78 0.1626 0.6282 -0.1412
062597 DCB-2 7/29/97 7.634 17.4 0.7112 3.711 -0.2048 2.08 4.641 5.454 82.02 0.1623 0.6053 19.62
062597 DCB-3 7/29/97 7.669 17.45 0.8297 3.749 -0.2741 1.82 4.682 5.489 82.95 0.1644 0.6286 12.52
062597 DCB-4 7/29/97 7.633 17.44 0.857 3.619 -0.2798 0.96 4.778 5.502 83.2 0.1964 0.5936 15.92
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Sample Name Date Comment Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd226S Co2286 Cr2677 Cu3247 Fe2399 K_7664 LI6707
Units pg/L pgrt. pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL 08 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
Mean Cone. (n=4) BDL 5.05 5.09 90.48 BDL 25.07 BDL BDL BDL 4.02 18.04 1.17 4.13
95% C.l. NA 1.04 0.45 1.02 NA 0.46 NA NA NA 0.06 0.52 0.01 0.06
% RSD NA 10.55% 4.49% 0.58% NA 0.93% NA NA NA 0.77% 1.48% 0.55% 0.68%
062597 FB-1 7/29/97 0.7636 4.986 5.76 90.97 -0.002 25.17 -0 2373 0.0352 0.3851 4.076 18.02 1.177 4.133
062597 FB-2 7/29/97 0.7189 5.581 6.28 89.59 0.0003 25.33 -0.1905 -0.0673 0.3148 4.043 18.88 1.157 4.101
062597 FB-3 7/29/97 0.8462 6.185 5.17 93.17 ^ .0 0 7 25.27 -0.2504 -0.0347 0.4248 4.118 18.55 1.176 4.104
062597 FB-4 7/29/97 0.7705 4.66 4.91 91.81 -0.0008 25.56 -0.2069 -0.0958 0.2539 4.023 17.89 1.192 4.175
Mean Cone. (n=4) BDL 5.35 5.53 91.39 BDL 25.33 BDL BDL BDL 4.07 18.34 1.18 4.13
95% C.l. NA 1.14 1.04 2.55 NA 0.28 NA NA NA 0.07 0.78 0.02 0.06
% RSD NA 10.89% 9.61% 1.42% NA 0.57% NA NA NA 0.89% 2.18% 1.06% 0.72%
072497 BLANK 7/30/97 -0.043 0.0379 -0.241 0.1602 0.0022 0.017 -0.1685 -0.1068 -0.2212 -0.1177 0.0684 0.007 -0.0244
072497 BF-1 7/30/97 0.7587 1.474 1.81 173.6 -0.0017 27.69 -0.2982 -0.0582 0.5076 0,3273 12.45 0.7544 3.094
072497 BF-2 7/30/97 0.7743 2.045 0.602 171.3 -0.0001 27.78 -0.2195 -0.1057 0.3456 0.2788 12.22 0.7751 3.196
072497 BF-3 7/30/97 0.7978 2.115 12 173.1 -0.0014 27.53 -0.2583 0.0169 0.4511 0.351 12.35 0.7673 3.158
072497 BF-4 7/30/97 0.7063 1.951 0.541 172.7 0.0009 27.55 -0.3176 -0.0372 0.4187 0.3392 12.27 0.7721 3.161
Mean Cone. (n=4) BDL BDL BDL 172.68 BDL 27.64 BDL BDL BDL 0.32 12.32 0.77 3.15
95% C.l. NA NA NA 1.68 NA 0.20 NA NA NA 0.05 0.17 0.02 0.07
% RSD NA NA NA 0.50% NA 0.37% NA NA NA 8.47% 0.71% 1.03% 1.17%
072497 TB-1 7/30/97 0.8874 3.406 12.3 62.39 -0.001 35.41 -0.2268 -0.0634 0.4652 5.331 18.87 2.131 7.518
072497 TB-2 7/30/97 0.8671 3.126 12.7 62.46 0.0007 35.66 -0.2216 -0.103 0.4462 5.352 18.31 2.171 7.631
072497 TB-3 7/30/97 0.813 3.15 11.9 61.8 0.0007 35.33 -0.2349 -0.0964 0.446 5.101 18.16 2.14 7.571
072497 TB-4 7/30/97 0.869 2.707 11.6 61.66 -0.0027 34.4 -0.3023 -0.0319 0.5081 5.252 18 22 2.086 7.368
Mean Cone. (n=4) 0.86 3.10 12.13 62.08 BDL 35.20 BDL BDL BDL 5.26 18.39 2.13 7.52
95% C.l. 0.05 0.49 0.81 0.69 NA 0.94 NA NA NA 0.19 0.55 0.06 0.19
% RSD 3.23% 8.09% 3.42% 0.57% NA 1.36% NA NA NA 1.87% 1.53% 1.43% 1.30%
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Sample Name Date Mg2936 Mn2605 Mo2020 Na3302 NÎ2316 Pb2203 S 1807 812124 Sr3464 TI3234 V_3102 Zn2138
Units mg/L pg/L pg/L mg/L pg& pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL —----------- 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
Mean Cone. (n=4) 762 17.40 BDL 3.68 BDL BDL 4.71 5.48 82.49 BDL BDL 11.98
95% C.l. 0.08 0.12 NA 0.10 NA NA 0.10 0.04 1.18 NA NA 14.57
% RSD 0.51% 0.36% NA 1.41% NA NA 1.13% 0.34% 0.73% NA NA 62.06%
062597 FB-1 7/29/97 7.647 16.8 0.8115 3.765 -0.2741 1.69 4.779 5.497 83.28 0.1711 0.6164 -0.1454
062597 FB-2 7/29/97 7.686 17.06 0.7112 3.602 -0.1702 1.63 4.632 5.444 81.94 0.1679 0.569 0.3213
062597 FB-3 7/29/97 7.693 17.14 0.8844 3.754 -0.3781 1.76 4.946 5.575 84.84 0.2136 0.6628 19.33
062597 FB-4 7/29/97 7.756 17.12 0.7659 3.576 -0 2799 2.08 4.783 5 535 84.36 0.1524 0.5527 0.487
Mean Cone. (n=4) 7.70 17.03 BDL 3.67 BDL BDL 4.79 5.51 83.61 BDL BDL 5.00
95% C.l. 0.08 0.27 NA 0.17 NA NA 0.22 0.09 2.19 NA NA 16.22
% RSD 0.51% 0.80% NA 2.34% NA NA 2.32% 0.88% 1.33% NA NA 165.61%
072497 BLANK 7/30/97 0.0093 -0.0206 0.0491 0.2767 0.0895 -1.24 0.0238 0.0001 -0.3453 0.0061 -0.11 -0.7106
072497 BF-1 7/30/97 10.06 1.4 0.1801 2.096 0.0576 1.72 1.587 4.134 67.21 0.0575 0.3848 -0,1857
072497 BF-2 7/30/97 10.13 1.416 0.131 2.157 0.1419 1.54 1.554 4.108 66.58 0.0624 0.3111 0.174
072497 BF-3 7/30/97 10.04 1.402 0.27 2.086 0.0576 1.49 1.578 4.119 66.69 0.0567 0.326 -0,2649
072497 BF-4 7/30/97 10.07 1.515 0.2618 2.149 0.0366 0.176 1.584 4.129 66.92 0.0923 0.3361 1.725
Mean Cone. (n=4) 10.08 1.43 BDL 2.12 BDL BDL 1.58 4.12 66.85 BDL BDL 0.36
95% C.l. 0.07 0.09 NA 0.06 NA NA 0.03 0.02 0.47 NA NA 1.58
% RSD 0.33% 3.32% NA 1.48% NA NA 0.82% 0.24% 0.36% NA NA 222.06%
072497 TB-1 7/30/97 9.185 11.19 1.701 6.929 -0.0613 0.997 11.85 7.884 148.2 0.079 1.038 0.2562
072497 TB-2 7/30/97 9.214 10.22 1.628 6.964 0.0386 1.12 11.72 7.879 148.1 0.0705 1.04 0.3328
072497 TB-3 7/30/97 9.149 9.103 1.628 6.941 0.0019 1.64 11.66 7.811 146.5 0.0636 0.9998 3.73
072497 TB-4 7/30/97 8.941 8.944 1.587 6.852 -0.1455 0.947 11.79 7.725 1454 0.0834 1.084 0.7162
Mean Cone. (n=4) 9.12 9.86 1.64 6.92 BDL BDL 11.76 7.82 147.05 BDL BDL 1.26
95% C.l. 0.21 1.78 0.08 0.08 NA NA 0.14 0.13 2.29 NA NA 2.82
% RSD 1.17% 9.22% 2.51% 0.61% NA NA 0.61% 0.82% 0.79% NA NA 114.18%
---------- 1 Iv \/lll 4̂
O)
CD
■D
O
Q .
C
g
Q .
■D
CD
C/)W
o"3O
8
ci'
ICAPES Analysis
Sample Name Date Comment Ag3280 AI3082 As1890 Ba2335 Be2348 Ca3181 Cd2265 Co2286 Cr2677 Cu3247 Fe2399 K 7664 LI6707
Units pg/L pg/L pg/L pg/L pg/L mg/L pg/L pg/L pg/L pg/L pg/L mg/L pg/L
PQL 0.8 3 5 1 0.05 0.005 0.5 0.5 1 0.3 5 0.1 0.5
072497 DCB-1 7/30/97 0,8516 2.125 6.87 113.9 -0.0039 31.42 -0.2778 0.0591 0.4652 2.985 15.49 1.472 5.424
072497 DCB-2 7/30/97 RERUN 08095 2.682 7.28 112.5 -0 0003 31.99 -0 1518 0 179 0.4351 3.115 15.49 1.519 5.635
072497 DCB-3 7/30/97 RERUN 0.7768 2.657 8.73 113.4 0.0007 31.9 -0.2241 0.1483 0.3843 3.159 16.05 1.52 5.661
072497 DCB-4 7/30/97 0.8363 2.017 7.97 113.2 -0.0012 31.33 -0.1905 0.1937 0.5482 3.197 15.66 1.468 5.403
Mean Conc. (n=4) 0.82 BDL 7.71 113.25 BDL 31.66 BDL BDL BDL 3.11 15.67 1.49 5.53
95% CI. 0.06 NA 1.39 0.98 NA 0.57 NA NA NA 0.16 0.45 0.05 0.23
% RSD 3.47% NA 9.16% 0.44% NA 0.91% NA NA NA 2.57% 1.46% 1.66% 2.13%
072497 FB I 7/30/97 0.8106 1.805 8.1 114.2 -0.0002 31.79 -0.2934 0.1189 0.5708 3.217 15.56 1.497 5.574
072497 FB-2 7/30/97 0.743 2.035 7.85 110.2 0.0017 31.56 -0.164 0.0587 0-5369 3.156 15.17 1.495 5.614
072497 FB-3 7/30/97 0.7465 2.089 8.41 110.8 -0 0003 31.19 -0.2323 0.1952 0.4435 3.198 15.04 1.487 5.602
072497 FB-4 7/30/97 0.7271 2.281 8.54 109.8 -0 0006 31.25 -0.2139 0.0681 0.4748 3.163 15.41 1.505 5.654
Mean Conc. (n=4) BDL BOL 8.23 111.25 BDL 31.45 BDL BDL BDL 3.18 15.30 1.50 5.61
95% CI. NA NA 0.53 3.41 NA 0.48 NA NA NA 0.05 0.40 0.01 0.06
% RSD NA NA 3.27% 1.56% NA 0.77% NA NA NA 0.79% 1.32% 0.43% 0.51%
Mean % RSD NA 18.21% 1.76% 1.22% NA 1.03% NA NA NA 4.69% 10.41% 1.17% 1.15%
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ICAPES Analysis
Sample Name Dale Mg2936 Mn2605 Mo2020 Na3302 NI2316 Pb2203 S_1807 SI2124 Sr3464 Ti3234 V 3102 Zn2138
Units mg/L pg/L pg/L mg/L pg/L pg/L mg/L mg/L pg/L pg/L pg/L pg/L
PQL 0.006 0.3 1 0.15 2 6 0.010 0.02 2 2 2 0.2
072497 DCB-1 7/30/97 9.557 11.5 1.088 4.592 -0.1651 0.898 7.005 6.066 109.3 0.0727 0.7494 0.2333
072497 DCB-2 7/30/97 9.761 11.8 0.9993 4.693 -0.0557 1.33 6.828 6.045 112.3 0.0441 0.8091 -0.281
072497 DCB-3 7/30/97 9.743 11.59 0.9651 4.774 -0.0021 0.868 6.838 6.069 112.2 0.0496 0.854 -0.3656
072497 DCB-4 7/30/97 9.653 11.65 1.179 4.901 -0.0987 0.538 6.972 6.05 111.8 0.0554 0.8944 14.21
Mean Cone. (n=4) 9.68 11.64 1.06 4.74 BDL BDL 6.91 6.06 111.40 BDL BDL 3.45
95% C.l. 0.16 0.21 0.16 0.22 NA NA 0.15 0.02 2.40 NA NA 12.19
% RSD 0.84% 0.94% 7.85% 2.39% NA NA 1.14% j 0.17% 1.10% NA NA 180.25%
072497 FB-1 7/30/97 9.795 10.25 1.179 4.859 -0.1148 1.12 7.018 6.079 112.9 0.0244 0.909 6.734
072497 FB-2 7/30/97 9.794 9.903 1.144 4.939 -0.0987 1.61 6.82 6.024 110.9 0.017 0.8179 0.0692
072497 FB-3 7/30/97 9.683 9.962 0.9395 4.708 -0.0879 1.02 6.872 5.993 110.5 -0.0091 0.8865 -0.2318
072497 FB-4 7/30/97 9.744 9.899 1.093 4.783 -0.0987 0.867 6 799 5.978 110 0.0183 0.8241 -0.1933
Mean Conc. (n=4) 9,75 10.00 1.09 4.82 BDL BDL 6.88 6.02 111.08 BDL BDL 1.59
95% C.l. 0.09 0.28 0.18 0.17 NA NA 0.17 0.08 2.16 NA NA 5.82
% RSD 0.47% 1.44% 8.40% 1.78% NA NA 1.24% 0.64% 0.99% NA NA 186.23%
Mean % RSD 0.69% 4.18% NA 1.70% NA NA 1.57% 0.93% 1.10% NA NA 61.51%
BF = Blackfoot River at Swinging Bridge
TB = Clark Fork River at Turah Bridge
DCB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
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Mass Balance Data (ICAPES and HGAAS)
Sample Name Q(cfs) %0fQ@DCB A! As Ba Ca Cu Fe K LI Mg Mn Na S Si Sr Zn
Units ppb pg/L pg/L mg/L pg/L ppb mg/L pg/L mg/L pg/L mg/L mg/L mg/L pg/L ppb
032097 BF Mean 1260 29% 4.00 1.06 135.50 23.66 0.92 20.65 1.22 3.71 8.90 7.64 4.53 2.18 5.71 67.00 1.54
040697 BF Mean 1740 50% 3.50 1.11 155.86 28.19 0.57 19.56 1.46 4.87 10.64 5.12 6.12 4.41 6.37 88.75 0.74
042397 BF Mean 4980 62% 58.94 1.04 126.92 21.57 0.93 56.81 1.00 2.85 7.55 3.47 3.66 2.35 5.97 59.85 2.11
051297 BF Mean 9410 64% 15.60 0.80 106.89 19.45 0.91 27.59 0.68 1.78 6.15 3.47 2.07 1.23 4.12 45.55 BDL
052097 BF Mean 12500 60% 7.68 0.93 94.15 19.19 0.79 19.68 0.79 1.65 6.22 3.43 1.61 1.14 4.14 41.20 BDL
060497 BF Mean 10100 55% 8.89 0.88 98.38 17.30 0.51 16.44 0.56 1.67 6.10 3.24 1.35 0.96 3.63 38.57 3.08
062597 BF Mean 4440 51% 5.04 0.80 139.95 23.17 0.43 16.52 0.64 2.50 8.33 2.44 1.77 1.25 4.08 54.45 BDL
072497 BF Mean 1880 50% BDL 0.94 172.68 27.64 0.32 12.32 0.77 3.15 10.08 1.43 2.12 1.58 4.12 66.85 0.36
Mean BF Conc. 14 81^ 0.94 128.79 22.52 0.67 2370 0.89 2.77 8.00 3.78 291 1.89 4.77 57.78 1.57
Stand. Dev. 18.42 0.11 26.07 3.69 0.23 13.17 0.29 1.06 1.68 1.75 1.59 1.06 0.99 15.55 0.97
032097 TB Mean 3150 71% 95.31 8.89 54.35 30.89 16.26 93.61 4.59 7.93 8.43 28.34 8.78 12.64 666 143.45 7.24
040697 TB Mean 1770 50% BDL 5.30 73.76 42.00 3.66 13.66 2.38 8.87 11.27 11.79 9.57 16.78 8.44 179.10 1.25
042397 TB Mean 3080 38% 52.70 4.79 67.26 28.86 4.92 43.77 1.92 5.90 7.86 5.11 7.03 10.88 8.10 123.20 2.64
051297 TB Mean 5400 36% 52.42 5.47 51.51 20.48 6.47 53.27 1.50 3.96 5.24 13.59 4.72 6.40 6.87 83.93 2.50
052097 TB Mean 8300 40% 31.53 6.65 38.07 17.25 8.34 43.95 1.38 3.24 4.31 14.87 3.70 5.24 6.63 66.24 4.26
060497 TB Mean 8340 45% 16.47 7.58 38.64 17.06 9.47 29.28 1.49 4.14 4.94 16.08 4.28 6.51 6.42 71.65 7.10
062597 TB Mean 4340 49% 5.64 7.94 47.97 27.85 7.45 21.69 1.73 5.93 7.18 25.77 5.55 8.34 7.01 112.78 10.08
072497 TB Mean 1860 r  50% 3.10 8.55 62.08 35.20 5.26 18.39 2.13 7.52 9.12 9.86 6.92 11.76 7.82 147.05 1.26
Mean TB Conc. 36.74 6.90 54.20 27.45 7.73 39.70 2.14 5.93 7.29 15.68 6.32 9.82 7.24 115.92 4.54
Stand Dev. 30.40 1.47 12.06 8.26 3.68 24.21 0.98 1.92 2.22 7.31 1.99 3.66 0.72 37.47 3.04
032097 DCB Mean 4970 100% 117.04 6.78 81.30 32.10 12.28 93.20 3.48 6.90 9.28 17.63 8.68 10.81 6.89 133 60 7.45
040697 DCB Mean 3600 100% 26.88 3.13 117.80 35.82 259 31.61 1.94 6.89 11.04 15.28 7.93 10.99 7.65 137.07 4.97
042397 DCB Mean 9270 100% 4.73 2.59 98.01 22.22 249 23.66 1.31 3.83 7.21 9.79 4.67 5.24 6.25 78.20 1.30
051297 DCB Mean 14800 100% 25.64 2.68 85.13 19.39 3.26 36.75 0.94 2.49 5.70 15.84 3.06 3.04 5.01 58.83 2.13
052097 DCB Mean 20500 100% 6.84 3.40 68.10 17.34 3.49 20.90 0.98 2.20 5.27 13.94 2.25 249 4.79 47.70 0.68
060497 DCB Mean 17800 100% 7.67 4.17 76.02 19.19 4.23 19.35 0.94 2.53 5.78 11.52 2.53 3.01 481 57.04 0.86
062597 DCB Mean 8470 100% 5.05 4.93 90.48 25.07 4.02 18.04 1.17 4.13 7.62 17.40 3.68 4.71 5.48 82.49 11.98
072497 DCB Mean 3900 100% BDL 5.49 113.25 31.66 3.11 15.67 1.49 5.53 9.68 11.64 4.74 6.91 6.06 111.40 3.45
Mean DCB Conc. 27.69 4.15 91.26 25.35 4.43 32.40 1.53 4.31 7.70 14.13 4.69 5.90 5.87 88.29 4.10
Stand. Dev. 37.54 1.39 16.35 6.54 302 23.93 0.80 1.81 1.98 2.72 2.26 3.18 0.97 32.78 3.68
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Mass Balance Data (ICAPES and HGAAS)
Sample Name AI cont. As cont. Ba cont. Ca cont. Cu cont. Fe cont. K cont. LI cont. Mg cont. Mn cont. Na cont. S cont. Si cont. Sr cont.
Units ppb pg/L pg/L mg/L pg/L ppb mg/L pg/L mg/L pg/L mg/L mg/L mg/L pg/L
032097 BF Mean 1.16 031 39.29 6.86 0.27 5.99 0.35 1.08 2.58 221 1.31 0.63 1.66 19.43
040697 BF Mean 1.75 0.55 77.93 14.10 0.29 9.78 0.73 2.43 5.32 2.56 3.06 2.21 3.18 44.38
042397 BF Mean 36.54 0.64 78.69 13.37 0.58 35.22 1 0.62 1.76 4.68 2.15 2.27 1.46 3.70 37.11
051297 BF Mean 9.98 0.51 6841 12.45 0.58 17.66 0.43 1.14 3.94 2.22 1.33 0.78 2.64 29.15
052097 BF Mean 4.61 0.56 56.49 11.52 0.47 11.81 0.47 0.99 3.73 2.06 0.97 0.69 2.48 24.72
060497 BF Mean 4.89 0.48 54.11 9.51 0.28 9.04 0.31 0.92 3.35 1.78 0.74 0.53 2.00 21.21
062597 BF Mean 2.57 0.41 71.37 11.82 0.22 8.42 0.33 1.27 425 1.24 0.90 0.64 2.08 27.77
072497 BF Mean 0.00 0.47 86.34 13.82 0.16 6.16 0.38 1.58 5.04 0.72 1.06 0.79 2.06 33.43
Mean BF Conc.
Stand. Dev.
032097 TB Mean 67.67 6.31 38.59 21.93 11.54 66.46 3.26 5.63 5.98 20.12 6.23 8.97 4.73 101.85
040697 TB Mean 0.00 2.65 36 88 21.00 1.83 6.83 1.19 4.43 5.64 5.90 4.78 8.39 4.22 89.55
042397 TB Mean 20.03 1.82 25.56 10.96 1.87 16.63 0.73 2.24 299 1.94 2.67 4.13 3.08 46.82
051297 TB Mean 18.87 1.97 18.54 7.37 2.33 19.18 0.54 1.42 1.88 4.89 1.70 2.30 2.47 30.22
052097 TB Mean 12.61 2.66 15.23 6.90 3.34 17.58 0.55 1.30 1.72 5.95 1.48 2.10 2.65 26.50
060497 TB Mean 7.41 3.41 17.39 7.68 4.26 13.18 0.67 1.86 2.22 7.24 1.93 2.93 2.89 32.24
062597 TB Mean 2.76 3.89 23.51 13.65 3.65 10.63 085 2.90 3.52 12.63 2.72 4.08 3.44 55.26
072497 TB Mean 1.55 4.28 31.04 17.60 263 9.20 1.07 3.76 4.56 4.93 3.46 5.88 3.91 73.53
Mean TB Conc.
Stand. Dev.
032097 DCB Mean 68.83 6.62 77.88 28.79 11.81 72.45 3.61 6.71 8.56 22.33 7.55 9.60 6.38 121.28
040697 DCB Mean 1.75 3.21 114.81 35.10 2.12 16.61 1.92 6.87 10.95 8.46 7.85 10.60 7.40 133 93
042397 DCB Mean 56.57 2.47 104.25 24.34 2.45 51.85 1.35 4.00 7.67 4.09 4.94 5.59 6.78 83.92
051297 DCB Mean 28.86 2.48 86.95 19.82 2.91 36.83 0.97 2.56 5.82 7.11 3.02 3.09 5.11 59.37
052097 DCB Mean 17.22 3.22 71.72 18.41 3.81 29.39 1.03 2.29 5.46 8.00 2.45 2.78 5.14 51.22
060497 DCB Mean 12.30 3.90 71.49 17.19 4.54 22.22 0.98 2.78 5.58 9.02 2.67 3.46 4.88 53.45
062597 DCB Mean 5.34 4.30 94.88 25.46 3.87 19.05 1.17 4.18 7.77 13.87 3.63 4.72 5.52 83.03
072497 DCB Mean 1.55 4.75 117.38 31.42 2.79 15.36 1.45 5.34 9.60 5.65 4.52 6.67 5.97 106.95
Mean DCB Conc.
Stand. Dev.
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Mass Balance Data (ICAPES and HGAAS)
Sample Name Q (cfs) %ofQ@DCB AI As Ba Ca Cu Fe K Li Mg Mn Na S Si Sr Zn
Units ppb pg/L pg/L mg/L pg/L ppb mg/L pg/L mg/L pg/L mg/L mg/L mg/L pg/L ppb
032097 FB Mean 101.20 6.76 82.53 32.56 12.18 89.69 3.43 6.87 9.31 17.03 8.04 11.01 6.89 134.77 6.40
040697 FB Mean BDL 3.33 116.95 35.84 2.43 17.21 1.94 6.91 11.09 14.22 7.99 11.05 7.63 137.50 1.25
042397 FB Mean 41.83 2.60 103 54 23.89 2.47 44.92 1.34 3.96 7.49 11.61 5.00 5.28 6.62 81.93 2.50
051297 FB Mean 71.12 2.82 92.81 19.35 3.36 66.77 1.04 2.62 6.08 16.92 3.43 3.29 5.68 59.97 2.42
052097 FB Mean 6.60 3.43 67.11 17.08 3.63 20.40 1.00 226 5.31 14.76 2.30 2.59 4.87 48.66 0.54
060497 FB Mean 7.96 4.21 71.90 18.80 4.39 19.33 0.98 2.66 5.68 11.57 2.64 3.04 4.74 56.93 2.79
062597 FB Mean 5.35 4.88 91.39 25.33 4.07 18.34 1.18 4.13 7.70 17.03 3.67 4.79 5.51 83.61 5.00
072497 FB Mean BDL 5.31 111.25 31.45 3.18 15.30 1.50 5.61 9.75 10.00 4.82 6.88 6.02 111.08 1.59
Mean FB Conc. 39.01 4.17 92.18 25.54 4.46 36.49 1.55 4.38 7.80 14.14 4.74 5.99 6.00 89.30 2.81
Stand. Dev. 36.64 1.32 16.73 6.60 2.99 26.27 0.77 1.77 1.96 2.62 2.08 3.18 0.94 32.62 1 84
% difference of FB and DCB -33.9% -0.5% -1.0% -0.7% -0.6% -11.9% -1.2% -1.5% -1.3% -0.1% -1.0% -1.5% -2.2% -1.1% 37.3%
Average % difference of FB and DCB = -1.1%
BF = Blackfoot River at Swinging Bridge
TB = Clark Fork River at Turaft Bridge
DCB = Clark Fork River at Deer Creek Bridge
FB = Clark Fork River at Foot Bridge
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Appendix X - Discharge, pH, DO, and Temperature
Sample Location Sample Date Discharge (crs) pH DU (mg/L) i temperature (C)
Blackfoot River 3/20/97 1260 NA NA NA
Turah Bridge 3/20/97 3150 NA NA NA
Deer Creek Bridge 3/20/97 4970 NA NA NA
Foot Bridge 3/20/97 NA NA NA NA
1
Blackfoot River 4/6/97 1740 NA NA NA
Turah Bridge 4/6/97 1770 NA NA NA
Deer Creek Bridge 4/6/97 3600 NA NA NA
Foot Bridge 4/6/97 NA NA NA NA
Blackfoot River 4/23/97 4980 NA NA NA
Turah Bridge 4/23/97 3080 NA NA NA
Deer Creek Bridge 4/23/97 9270 NA NA NA
Foot Bridge 4/23/97 NA NA NA NA
Blackfoot River 5/12/97 9410 7.82 10.0 NA
Turah Bridge 5/12/97 5400 7.50 10.3 9.8
Deer Creek Bridge 5/12/97 14800 8.02 12.7 9.8
Foot Bridge 5/12/97 NA 7.77 12.1 11.5
Blackfoot River 5/20/97 12500 7.73 9.7 9.0
Turah Bridge 5/20/97 8300 7.55 8.8 11.5
Deer Creek Bridge 5/20/97 20500 7.80 8.8 10.1
Foot Bridge 5/20/97 NA 7.81 9.1 10.1
Blackfoot River 6/4/97 10100 7.87 9.8 10.6
Turah Bridge 6/4/97 8340 7.78 9.1 12.8
Deer Creek Bridge 6/4/97 17800 7.97 10.2 11.7
Foot Bridge 6/4/97 NA 8.10 10.2 11.9
Blackfoot River 6/25/97 4440 8.90 11.1 11.3
Turah Bridge 6/25/97 4340 8.27 11.6 11.0
Deer Creek Bridge 6/25/97 8470 8.42 11.4 11.6
Foot Bridge 6/25/97 NA 8.50 11.5 12.1
Blackfoot River 7/24/97 1880 7.60 8.5 16.5
Turah Bridge 7/24/97 1860 7.57 8.8 16.4
Deer Creek Bridge i 7/24/97 3900 7.83 8.9 17.0
Foot Bridge 7/24/97 NA 7.91 9.3 17.6
1
Stan. Dev. for all pH 0,34 pH units 1
Stan. Dev. for all DO 1 1.2 mg/L i  1
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Appendix XI - Practical Quantitation Limits of Dissolved Elements Studied
Element PQL (pg/L)
Ag 0.80
AI 3.00
As (ICAPES) 5.00
As (HGAAS) 0.40
Ba 1.00
Be 0.05
Ca 5.00
Cd 0.50
Co 0.50
Cr 1.00
Cu 0.30
Fe 5.00
K 100.00
Li 0.50
Mg 6.00
Mn 0.30
Mo 1.00
Na 150.00
Ni 2.00
Pb 6.00
S 10.00
Si 20.00
Sr 2.00
Ti 2.00
V 2.00
Zn 0.20
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Appendix XII - Mean Discharge for Selected Sampling Sites
Date Site Discharge (cfs) Site Discharge (cfs) Site Discharge (cfs)
1-Jan-97 Blackfoot River 968 Turah Bridge 2080 Deer Creek Bridge 3250
2-Jan-97 Blackfoot River 1060 Turah Bridge 3230 Deer Creek Bridge 4660
3-Jan-97 Blackfoot River 950 Turah Bridge 2360 Deer Creek Bridge 3520
4-Jan-97 Blackfoot River 800 Turah Bridge 1860 Deer Creek Bridge 2860
5-Jan-97 Blackfoot River 700 Turah Bridge 1600 Deer Creek Bridge 2360
6-Jan-97 Blackfoot River 720 Turah Bridge 1330 Deer Creek Bridge 2210
7-Jan-97 Blackfoot River 740 Turah Bridge 1240 Deer Creek Bridge 2090
8-Jan-97 Blackfoot River 740 Turah Bridge 1260 Deer Creek Bridge 2110
9-Jan-97 Blackfoot River 720 Turah Bridge 1210 Deer Creek Bridge 2040
IO-Jan-97 Blackfoot River 760 Turah Bridge 1210 Deer Creek Bridge 2070
11-Jan-97 Blackfoot River 600 Turah Bridge 1130 Deer Creek Bridge 1800
12-Jan-97 Blackfoot River 450 Turah Bridge 800 Deer Creek Bridge 1300
13-Jan-97 Blackfoot River 350 Turah Bridge 600 Deer Creek Bridge 1000
14-Jan-97 Blackfoot River 450 Turah Bridge 520 Deer Creek Bridge 1000
15-Jan-97 Blackfoot River 550 Turah Bridge 540 Deer Creek Bridge 1150
16-Jan-97 Blackfoot River 750 Turah Bridge 580 Deer Creek Bridge 1400
17-Jan-97 Blackfoot River 900 Turah Bridge 700 Deer Creek Bridge 1800
18-Jan-97 Blackfoot River 1200 Turah Bridge 800 Deer Creek Bridge 2190
19-Jan-97 Blackfoot River 1100 Turah Bridge 1000 Deer Creek Bridge 2050
20-Jan-97 Blackfoot River 1000 Turah Bridge 1050 Deer Creek Bridge 2050
21-Jan-97 Blackfoot River 946 Turah Bridge 1040 Deer Creek Bridge 2100
22-Jan-97 Blackfoot River 1 888 Turah Bridge 1040 Deer Creek Bridge 2050
23-Jan-97 Blackfoot River 848 Turah Bridge 1000 Deer Creek Bridge 1970
24-Jan-97 Blackfoot River 823 Turah Bridge 950 Deer Creek Bridge 1850
25-Jan-97 Blackfoot River 700 Turah Bridge 950 Deer Creek Bridge 1700
26-Jan-97 Blackfoot River 600 Turah Bridge 850 Deer Creek Bridge 1500
27-Jan-97 Blackfoot River 450 Turah Bridge 800 Deer Creek Bridge 1300
28-Jan-97 Blackfoot River 500 Turah Bridge 800 Deer Creek Bridge 1400
29-Jan-97 Blackfoot River 600 Turah Bridge 900 Deer Creek Bridge 1600
30-Jan-97 Blackfoot River 800 Turah Bridge 1000 Deer Creek Bridge 1760
31-Jan-97 Blackfoot River 848 Turah Bridge 1200 Deer Creek Bridge 1990
1-Feb-97 Blackfoot River 893 Turah Bridge 1300 Deer Creek Bridge 2130
2-Feb-97 Blackfoot River 887 Turah Bridge 1340 Deer Creek Bridge 2120
3-Feb-97 Blackfoot River 800 Turah Bridge 1250 Deer Creek Bridge 1970
4-Feb-97 Blackfoot River 700 Turah Bridge 1050 Deer Creek Bridge 1800
5-Feb-97 Blackfoot River 700 Turah Bridge 850 Deer Creek Bridge 1600
6-Feb-97 Blackfoot River 600 Turah Bridge 800 Deer Creek Bridge 1450
7-Feb-97 Blackfoot River 500 Turah Bridge 750 Deer Creek Bridge 1300
8-Feb-97 Blackfoot River 450 Turah Bridge 700 Deer Creek Bridge 1200
9-Feb-97 Blackfoot River 500 Turah Bridge 750 Deer Creek Bridge 1300
10-Feb-97 Blackfoot River 550 Turah Bridge 800 Deer Creek Bridge 1400
11-Feb-97 Blackfoot River 700 Turah Bridge 850 Deer Creek Bridge 1530
12-Feb-97 Blackfoot River 819 Turah Bridge 900 Deer Creek Bridge 1570
13-Feb-97 Blackfoot River 782 Turah Bridge 918 Deer Creek Bridge 1630
14-Feb-97 Blackfoot River 756 Turah Bridge 910 Deer Creek Bridge 1640
15-Feb-97 Blackfoot River 773 Turah Bridge 936 Deer Creek Bridge 1610
16-Feb-97 Blackfoot River 790 Turah Bridge 985 Deer Creek Bridge 1690
17-Feb-97 Blackfoot River 795 Turah Bridge 1010 Deer Creek Bridge 1750
18-Feb-97 Blackfoot River 804 Turah Bridge 1030 Deer Creek Bridge 1800
19-Feb-97 Blackfoot River 801 Turah Bridge 1020 Deer Creek Bridge 1860
20-Feb-97 Blackfoot River 752 Turah Bridge 998 Deer Creek Bridge 1750
21-Feb-97 Blackfoot River 729 Turah Bridge 959 Deer Creek Bridge 1690
22-Feb-97 Blackfoot River 714 Turah Bridge 951 Deer Creek Bridge 1670
23-Feb-97 Blackfoot River 700 Turah Bridge 937 Deer Creek Bridge 1670
24-Feb-97 Blackfoot River 677 Turah Bridge 918 Deer Creek Bridge 1670
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Appendix XII - Mean Discharge for Selected Sampling Sites 155
Date Site Discharge (cfs) Site Discharge (cfs) I Site ! Discharge (cfs)
'
25.Feb.97 Blackfoot River j 665 Turah Bridge 888 Deer Creek Bridge 1590
26.Feb.97 Blackfoot River I 683 Turah Bridge 909 Deer Creek Bridge 1600
27.Feb.97 Blackfoot River 675 Turah Bridge 915 Deer Creek Bridge 1600
28.Feb.97 Blackfoot River 659 Turah Bridge 885 Deer Creek Bridge 1570
1.Mar*97 Blackfoot River 660 Turah Bridge 858 Deer Creek Bridge 1530
2.Mar.97 Blackfoot River 673 Turah Bridge 876 Deer Creek Bridge 1550
3.Mar97 Blackfoot River 664 Turah Bridge 862 Deer Creek Bridge 1540
4.Mar.97 Blackfoot River 647 Turah Bridge 845 Deer Creek Bridge 1490
5.Mar.97 Blackfoot River 640 Turah Bridge 840 Deer Creek Bridge 1470
64Wlar97 Blackfoot River 636 Turah Bridge 835 Deer Creek Bridge 1460
7.Mar97 Blackfoot River 639 Turah Bridge 846 Deer Creek Bridge 1470
8.Mar.97 Blackfoot River 647 Turah Bridge 876 Deer Creek Bridge 1520
9.Mar.97 Blackfoot River 650 Turah Bridge 878 Deer Creek Bridge 1540
10.Mar.97 Blackfoot River 681 Turah Bridge 902 Deer Creek Bridge 1600
ll.Mar.97 Blackfoot River 704 Turah Bridge 972 Deer Creek Bridge 1730
i 2.Mar.97 Blackfoot River 708 Turah Bridge 1020 Deer Creek Bridge 1760
13.Mar.97 Blackfoot River 687 Turah Bridge 999 Deer Creek Bridge 1840
i 4.Mar.97 Blackfoot River 608 Turah Bridge 913 Deer Creek Bridge 1610
i 5.Mar.97 Blackfoot River 615 Turah Bridge 889 Deer Creek Bridge 1500
l 6.Mar.97 Blackfoot River 693 Turah Bridge 952 Deer Creek Bridge 1630
i 7.Mar.97 Blackfoot River 732 Turah Bridge 1310 Deer Creek Bridge 1990
l 8.Mar.97 Blackfoot River 754 Turah Bridge 1590 Deer Creek Bridge 2290
i 9.Mar.97 Blackfoot River 834 Turah Bridge 2060 Deer Creek Bridge 2790
204Mar.97 Blackfoot River 1180 Turah Bridge 2740 Deer Creek Bridge 3950
2 i.Mar.97 Blackfoot River 1360 Turah Bridge 2860 Deer Creek Bridge 4310
22.Mar.97 Blackfoot River 1490 Turah Bridge 2720 Deer Creek Bridge 4310
23.Mar.97 Blackfoot River 1620 Turah Bridge 2620 Deer Creek Bridge 4380
24.Mar.97 Blackfoot River 1640 Turah Bridge 2470 Deer Creek Bridge 4230
25.Mar.97 Blackfoot River 1690 Turah Bridge 2350 Deer Creek Bridge 4190
26.Mar.97 Blackfoot River 1990 Turah Bridge 2510 Deer Creek Bridge 4470
27.Mar.97 Blackfoot River 2600 Turah Bridge 3070 Deer Creek Bridge 5680
28.Mar.97 Blackfoot River 2680 Turah Bridge 2790 Deer Creek Bridge 5620
29.Mar.97 Blackfoot River 2400 Turah Bridge 2460 Deer Creek Bridge 4910
3O.Mar.97 Blackfoot River 2260 Turah Bridge 2280 Deer Creek Bridge 4580
3 i.Mar.97 Blackfoot River 2250 Turah Bridge 2250 Deer Creek Bridge 4470
I.Apr.97 Blackfoot River 2140 Turah Bridge 2130 Deer Creek Bridge 4290
2.Apr97 Blackfoot River 2020 Turah Bridge 2000 Deer Creek Bridge 3960
3Apr.97 Blackfoot River 2060 Turah Bridge 1950 Deer Creek Bridge 3970
4.Apr.97 Blackfoot River 2030 Turah Bridge 1910 Deer Creek Bridge 3940
S.Apr.97 Blackfoot River 1 1880 Turah Bridge 1810 Deer Creek Bridge 3660
6.Apr.97 Blackfoot River 1760 Turah Bridge 1700 Deer Creek Bridge 3460
7.Apr.97 Blackfoot River 1750 Turah Bridge 1690 Deer Creek Bridge 3370
8.Apr.97 Blackfoot River 1 1700 Turah Bridge 1680 Deer Creek Bridge 3360
9.Apr.97 Blackfoot River { 1640 Turah Bridge 1620 Deer Creek Bridge 3220
IO.Apr.97 Blackfoot River ' 1600 Turah Bridge 1560 Deer Creek Bridge 3190
ll.Apr.97 Blackfoot River ; 1500 Turah Bridge 1430 Deer Creek Bridge 2910
i 2.Apr.97 Blackfoot River, 1480 Turah Bridge 1400 Deer Creek Bridge 2850
i 3.Apr.97 Blackfoot River 1 1540 Turah Bridge 1420 Deer Creek Bridge 2890
14-Apr-97 Blackfoot River 1680 'Turah Bridge 1450 ! Deer Creek Bridge 3080
i 5.Apr.97 1 Blackfoot River 1820 1 Turah Bridge 1510 Deer Creek Bridge 3240
l6.Apr.97 i Blackfoot River 2030 Turah Bridge 1580 f  beer Creek Bridge 3490
i 7.Apr.97 Blackfoot River 2490 iturah Bridge 1760 Deer Creek Bridge 4070
l 8.Apr.97 Blackfoot River 3130 Turah Bridge 2050 Deer Creek Bridge 5120
i 9.Apr.97 Blackfoot River 3410 Turah Bridge 2270 Deer Creek Bridge 5610
2O.Apr.97 , Blackfoot River 4120 Turah Bridge 2760 ! Deer Creek Bridge 6840
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21-Apr-97 Blackfoot River 4920 Turah Bridge 3190 Deer Creek Bridge 8190
22-Apr-97 Blackfoot River 5230 Turah Bridge 3130 Deer Creek Bridge 8450
23-Apr-97 Blackfoot River 5270 Turah Bridge 3010 Deer Creek Bridge 8430
24-Apr-97 Blackfoot River 5180 Turah Bridge 3110 Deer Creek Bridge 8400
25-Apr-97 Blackfoot River 5050 Turah Bridge 3110 Deer Creek Bridge 8060
26-Apr-97 Blackfoot River 5110 Turah Bridge 3050 Deer Creek Bridge 8180
27-Apr-97 Blackfoot River 5520 Turah Bridge 3150 Deer Creek Bridge 8740
28-Apr-97 Blackfoot River 5820 Turah Bridge 3420 Deer Creek Bridge 9550
29-Apr-97 Blackfoot River 5780 Turah Bridge 3470 Deer Creek Bridge 9800
30-Apr-97 Blackfoot River 5830 Turah Bridge 3360 Deer Creek Bridge 9590
1-May-97 Blackfoot River 5850 Turah Bridge 3300 Deer Creek Bridge 9420
2-May-97 Blackfoot River 5640 Turah Bridge 3140 Deer Creek Bridge 8920
3-May-97 Blackfoot River 5500 Turah Bridge 3050 Deer Creek Bridge 8590
4-May-97 Blackfoot River 5620 Turah Bridge 3050 Deer Creek Bridge 8720
5-May-97 Blackfoot River 5860 Turah Bridge 3210 Deer Creek Bridge 9230
6-May-97 Blackfoot River 6380 Turah Bridge 3450 Deer Creek Bridge 9880
7-May-97 Blackfoot River 6770 Turah Bridge 3790 Deer Creek Bridge 10700
8-May-97 Blackfoot River 6780 Turah Bridge 3790 Deer Creek Bridge 10800
9-May-97 Blackfoot River 6900 Turah Bridge 3760 Deer Creek Bridge 10800
10-May-97 Blackfoot River 7550 Turah Bridge 4100 Deer Creek Bridge 11700
11 -May-97 Blackfoot River 8600 Turah Bridge 4880 Deer Cre^ Bridge 13500
12-May-97 Blackfoot River 9390 Turah Bridge 5370 Deer Creek Bridge 14900
13-May-97 Blackfoot River 10300 Turah Bridge 5800 Deer Creek Bridge 16300
14-May-97 Blackfoot River 11700 Turah Bridge 6640 Deer Creek Bridge 18400
15-May-97 Blackfoot River 13200 Turah Bridge 7500 Deer Creek Bridge 20900
16-May-97 Blackfoot River 14300 Turah Bridge 8340 Deer Creek Bridge 23000
17-May-97 Blackfoot River 15600 Turah Bridge 8680 Deer Creek Bridge 25200
18-May-97 Blackfoot River 15800 Turah Bridge 8960 Deer Creek Bridge 26400
19-May-97 Blackfoot River 14000 Turah Bridge 8910 Deer Creek Bridge 24100
20-May-97 Blackfoot River 12400 Turah Bridge 8180 Deer Creek Bridge 21000
21-May-97 Blackfoot River 11300 Turah Bridge 7760 Deer Creek Bridge 18800
22-May-97 Blackfoot River 10600 Turah Bridge 7700 Deer Creek Bridge 17800
23-May-97 Blackfoot River 10300 Turah Bridge 7610 Deer Creek Bridge 17400
24-May-97 Blackfoot River 10900 Turah Bridge 7960 Deer Creek Bridge 18200
25-May-97 Blackfoot River 11800 Turah Bridge 8840 Deer Creek Bridge 20200
26-May-97 Blackfoot River 11300 Turah Bridge 8910 Deer Creek Bridge 19800
27-May-97 Blackfoot River 10300 Turah Bridge 8300 Deer Creek Bridge 18000
28-May-97 Blackfoot River 9720 Turah Bridge 7700 Deer Creek Bridge 16800
29-May-97 Blackfoot River 9510 Turah Bridge 7580 Deer Creek Bridge 16300
30-May-97 Blackfoot River 9700 Turah Bridge 8070 Deer Creek Bridge 16700
31-May-97 Blackfoot River 10300 Turah Bridge 8420 Deer Creek Bridge 17700
1 -Jun-97 Blackfoot River 11500 Turah Bridge 8930 Deer Creek Bridge 19600
2-Jun-97 Blackfoot River 11700 Turah Bridge 9530 Deer Creek Bridge 21000
3-Jun-97 Blackfoot River 10700 Turah Bridge 9060 Deer Creek Bridge 19400
4-Jun-97 Blackfoot River 10200 Turah Bridge 8710 Deer Creek Bridge 18300
5-Jun-97 Blackfoot River 11100 Turah Bridge 8870 Deer Creek Bridge 19800
6-Jun-97 Blackfoot River 11300 Turah Bridge 9060 Deer Creek Bridge 20600
7-Jun-97 Blackfoot River 10500 Turah Bridge 8590 Deer Creek Bridge 19100
8-Jun-97 Blackfoot River 9780 Turah Bridge 8540 Deer Creek Bridge 18000
9-Jun-97 Blackfoot River 9230 Turah Bridge 8800 Deer Creek Bridge 18000
10-Jun-97 Blackfoot River 8750 Turah Bridge| 8060 Deer Creek Bridge 16700
11 -Jun-97 Blackfoot River 8700 Turah Bridge 8050 Deer Creek Bridge 16700
12-Jun-97 Blackfoot River 8910 Turah Bridge 8280 Deer Creek Bridge 17500
13-Jun-97 Blackfoot River 8630 Turah Bridge 8220 Deer Creek Bridge 17100
14-Jun-97 Blackfoot River 8280 Turah Bridge! 8450 Deer Creek Bridge 16600
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1
15-Jun-97 Biact̂ foot River 8100 Turah Bridge 8430 Deer Creek Bridge 16300
16-Jun-97 Blaclrfoot River 7880 Turah Bridge 8150 Deer Greek Bridge 15700
17-Jun-97 Blaclrfoot River 7460 Turah Bridge 7720 Deer Creek Bridge 14800
18*Jun-97 Blacttfoot River 7160 Turah Bridge 7760 Deer Creek Bridge 14300
19-Jun-97 Blacttfbot River 6840 Turah Bridge 7460 Deer Creek Bridge 13800
20-Jun-97 Btacttfoot River 6250 Turah Bridge 6640 Deer Creek Bridge 12600
21-Jun-97 Blactcfoot River 5580 Turah Bridge 6210 Deer Creek Bridge 11300
22-Jun-97 Btactrfoot River 5120 Turah Bridge 5700 Deer Creek Bridge 10300
23-Jun-97 Btactrfoot River 4830 Turah Bridge 5270 Deer Creek Bridge 9590
24.Jun.97 Blaclcfoot River 4620 Turah Bridge 4940 Deer Creek Bridge 9080
25-Jun-97 Btacltfoot River 4490 Turah Bridge 4580 Deer Creek Bridge 8680
26.Jun-97 Btactcfoot River 4220 Turah Bridge 4210 Deer Creek Bridge 8110
27.Jun.97 Blactrfbol River 4050 Turah Bridge 3820 Deer Creek Bridge 7630
28.Jun.97 Btacttfoot River 3950 Turah Bridge 3450 Deer Creek Bridge 7320
29.Jun.97 Blacttfoot River 3890 Turah Bridge 3330 Deer Creek Bridge 7160
3O.Jun.97 Btactrfoot River 4080 Turah Bridge 3870 Deer Creek Bridge 7750
l-Jul.97 Blact<foot River 4060 Turah Bridge 4050 Deer Creek Bridge 7840
2Jul-97 Btact<foot River 4030 Turah Bridge 4470 Deer Creek Bridge 8190
3.JUI.97 Btackfoot River 3820 Turah Bridge 4080 Deer Creek Bridge 7740
4-Juf.97 Btacltfoot River 3590 Turah Bridge 3670 Deer Creek Bridge 7250
5.Jul.97 Blactrfoot River 3400 Turah Bridge 3250 Deer Creek Bridge 6730
6-JUI.97 Blactrfoot River 3280 Turah Bridge 3010 Deer Creek Bridge 6410
7*Ju|.97 Blacltfoot River 3140 Turah Bridge 2870 Deer Creek Bridge 6150
8-Jul-97 Blackfoot River 2970 Turah Bridge 2660 Deer Creek Bridge 5840
9.JUI.97 Blackfoot River 2840 Turah Bridge 2500 Deer Creek Bridge 5510
IO-Jul.97 Blackfoot River 2800 Turah Bridge 2480 Deer Creek Bridge 5430
ll.Jul.97 Blackfoot River 2690 Turah Bridge 2430 Deer Creek Bridge 5300
I 2-JUI.97 Blackfoot River 2540 Turah Bridge 2320 Deer Creek Bridge 5050
i 3.Jul.97 Blackfoot River 2420 Turah Bridge 2180 Deer Creek Bridge 4800
i 4.Jul.97 Blackfoot River 2290 Turah Bridge 2080 Deer Creek Bridge 4580
i 5.Jul.97 Blackfoot River 2190 Turah Bridge 1970 Deer Creek Bridge 4370
l 6.Jul.97 Blackfoot River 2080 Turah Bridge 1870 Deer Creek Bridge 4140
i 7.Jul.97 Blackfoot River 2010 Turah Bridge 1790 Deer Creek Bridge 3800
l 8.Jul.97 Blackfoot River 1990 Turah Bridge 1870 Deer Creek Bridge 3770
i 9.Jul.97 Blackfoot River 1990 Turah Bridge 2010 Deer Creek Bridge 4170
2O-JUI.97 Blackfoot River 2290 Turah Bridge 2290 Deer Creek Bridge 4670
2 i.Jul.97 Blackfoot River 2320 Turah Bridge 2400 Deer Creek Bridge 5090
22.Jul.97 Blackfoot River 2170 Turah Bridge 2160 Deer Creek Bridge 4500
23.Jul.97 Blackfoot River 2040 Turah Bridge 1990 Deer Creek Bridge 4200
24-Ju|.97 Blackfoot River 1930 Turah Bridge 1860 Deer Creek Bridge 3900
25.Jul.97 Blackfoot River 1810 Turah Bridge 1780 Deer Creek Bridge 3700
26.Jut.97 Blackfoot River 1700 Turah Bridge 1680 Deer Creek Bridge 3500
27.Jul.97 Blackfoot River 1630 Turah Bridge 1620 Deer Creek Bridge 3300
28.JUF97 Blackfoot River 1550 Turah Bridge 1570 Deer Creek Bridge 3200
29.Jul.97 Blackfoot River 1470 Turah Bridge 1530 Deer Creek Bridge 3170
30-Jul.97 Blackfoot River 1490 Turah Bridge 1500 Deer Creek Bridge 3160
3i.Jut.97 Blackfoot reiver 1450 Turah Bridge 1430 Deer Creek Bridge 3040
I.Aug.97 Blackfoot River 1370 Turah Bridge 1390 Deer Creek Bridge 2940
2-Aug-97 Blackfoot River 1350 Turah Bridge 1400 Deer Creek Bridge 2920
3Aug.97 Blackfoot River 1310 Turah Bridge 1400 Deer Creek Bridge 2880
4.Aug.97 Blackfoot River 1260 Turah Bridge 1340 Deer Creek Bridge 2870
5.Aug.97 Blackfoot River 1230 Turah Bridge 1270 Deer Creek Bridge 2660
6.Aug-97 Blackfoot River 1230 Turah Bridge 1290 Deer Creek Bridge 1 2650
7-Aug97 Blackfoot River 1210 Turah Bridge, 1320 Deer Creek Bridge 2690
8-Aug.97 Blackfoot River 1210 Turah Bridge' 1360 Deer Creek Bridge 2690
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'
9-Aug-97 Blackfoot River 1200 Turah Bridge 1270 Deer Creek Bridge 2620
10-Aug-97 Blackfoot River 1180 Turah Bridge 1190 Deer Creek Bridge 2520
11-Aug-97 Blackfoot River 1160 Turah Bridge 1160 Deer Creek Bridge 2460
12-Aug-97 Blackfoot River 1130 Turah Bridge 1110 Deer Creek Bridge 2400
13-Aug-97 Blackfoot River 1110 Turah Bridge 1070 Deer Creek Bridge 2470
14-Aug-97 Blackfoot River 1100 Turah Bridge 1050 Deer Creek Bridge 2290
15-Aug-97 Blackfoot River 1060 Turah Bridge 1050 Deer Creek Bridge 2230
16-Aug-97 Blackfoot River 1080 Turah Bridge 1030 Deer Creek Bridge 2250
17-Aug-97 Blackfoot River 1120 Turah Bridge 1130 Deer Creek Bridge 2370
18-Aug-97 Blackfoot River 1120 Turah Bridge 1150 Deer Creek Bridge 2390
19-Aug-97 Blackfoot River 1110 Turah Bridge 1140 Deer Creek Bridge 2370
20-Aug-97 Blackfoot River 1070 Turah Bridge 1140 Deer Creek Bridge 2310
21-Aug-97 Blackfoot River 1040 Turah Bridge 1110 Deer Creek Bridge 2240
22-Aug-97 Blackfoot River 1000 Turah Bridge 1110 Deer Creek Bridge 2230
23-Aug-97 Blackfoot River 976 Turah Bridge 1070 Deer Creek Bridge 2170
24-Aug-97 Blackfoot River 978 Turah Bridge 1070 Deer Creek Bridge 2150
25-Aug-97 Blackfoot River 997 Turah Bridge 1060 Deer Creek Bridge 2180
26-Aug-97 Blackfoot River 991 Turah Bridge 1050 Deer Creek Bridge 2140
27-Aug-97 Btackfoot River 967 Turah Bridge 1020 Deer Creek Bridge 2090
28-Aug-97 Blackfoot River 950 Turah Bridge 1020 Deer Creek Bridge 2060
29-Aug-97 Blackfoot River 933 Turah Bridge 1020 Deer Creek Bridge 2030
30-Aug-97 Blackfoot River 923 Turah Bridge 989 Deer Creek Bridge 1990
31-Aug-97 Blackfoot River 909 Turah Bridge 962 Deer Creek Bridge 1950
1-Sep-97 Blackfoot River 896 Turah Bridge 946 Deer Creek Bridge 1920
2-Sep-97 Blackfoot River 887 Turah Bridge 939 Deer Creek Bridge 1900
3-Sep-97 Blackfoot River 881 Turah Bridge 955 Deer Creek Bridge 1930
4-Sep-97 Blackfoot River r  896 Turah Bridge 988 Deer Creek Bridge 1940
5-Sep-97 Blackfoot River 906 Turah Bridge 988 Deer Creek Bridge 1950
6-Sep-97 Blackfoot River 896 Turah Bridge 984 Deer Creek Bridge 1950
7-Sep-97 Blackfoot River 878 Turah Bridge 965 Deer Creek Bridge 1920
8-Sep-97 Blackfoot River 859 Turah Bridge 950 Deer Creek Bridge 1860
9-Sep-97 Blackfoot River 848 Turah Bridge 943 Deer Creek Bridge 1830
10-Sep-97 Blackfoot River 845 Turah Bridge 938 Deer Creek Bridge 1830
11-Sep-97 Blackfoot River 836 Turah Bridge 930 Deer Creek Bridge 1820
12-Sep-97 Blackfoot River 832 Turah Bridge 970 Deer Creek Bridge 1830
13-Sep-97 Blackfoot River 812 Turah Bridge 1010 Deer Creek Bridge 1870
14-Sep-97 Blackfoot River 806 Turah Bridge 1030 Deer Creek Bridge 1900
15-Sep-97 Blackfoot River 833 Turah Bridge 1060 Deer Creek Bridge 1950
16-Sep-97 Blackfoot River 888 Turah Bridge 1110 Deer Creek Bridge 2060
17-Sep-97 Blackfoot River 889 Turah Bridge 1120 Deer Creek Bridge 2090
18-Sep-97 Blackfoot River 860 Turah Bridge 1120 Deer Creek Bridge 2080
19-Sep-97 Blackfoot River 834 Turah Bridge 1100 Deer Creek Bridge 1990
20-Sep-97 Blackfoot River 818 Turah Bridge 1090 Deer Creek Bridge 1950
21-Sep-97 Blackfoot River 805 Turah Bridge 1090 Deer Creek Bridge 1940
22-Sep-97 Blackfoot River 794 Turah Bridge 1090 Deer Creek Bridge 1920
23-Sep-97 Blackfoot River 781 Turah Bridge 1090 Deer Creek Bridge 1900
24-Sep-97 Blackfoot River 761 Turah Bridge 1090 Deer Creek Bridge 1890
25-Sep-97 Blackfoot River 757 Turah Bridge 1090 Deer Creek Bridge 1870
26-Sep-97 Blackfoot River 762 Turah Bridge 1070 Deer Creek Bridge 1880
27-Sep-97 Blackfoot River 784 Turah Bridget 1110 Deer Creek Bridge 1920
28-Sep-97 Blackfoot River 787 Turah Bridge 1130 Deer Creek Bridge 1900
29-Sep-97 Blackfoot River 786 Turah Bridge 1120 Deer Creek Bridge 1900
30-Sep-97 Blackfoot River 780 Turah Bridge 1110 Deer Creek Bridge 1900
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